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pile and strata conditions. 


A foundation problem- 
and the solution 


WHEN A PILED FOUNDATION is required, the relative 
merits of pre-cast or cast-in-situ piles inevitably come 
under consideration. West’s Shell Piling System is 
a successful combination of both types. A rein- 
forced concrete sectional tube or shell is threaded 
on to a steel mandrel at the base 


of which is a solid concrete shoe, 





the whole of the tube, mandrel and 


+] 


shoe being driven to a predetermined “‘set”’ in the load-bearing 
stratum. The mandrel is then withdrawn and a reinforcement 
cage is lowered into the tube, the pile being completed by filling 
The method has a number of 


important advantages. The bearing capacity of each pile can be 


the interior with concrete. 


calculated because the pile 

is driven to a predetermined dynamic set. 
Minimum waste occurs as only the last shell 
driven may have to be cut to take the bearing 
cap. Skin friction resulting from the driving 
of the pile is retained since the final set is 
not disturbed. The concrete core is not fatigued 





and the pile has a 
constant cross-section. Shell diameters are 144 in. 
174in. and 20in. for loads up to 40, 60 and 100 
tons per pile respectively, depending on length of 


pour in concrete 
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Our stocks, which 
are the largest 
in Britain, include: 


Machine Tools, Power Presses and 
Sheet Metal Working Machinery, 
Hydraulic Plant, Electric Generating 
Sets, Electric Motors, Switchgear, 
Transformers, Boilers, Diesel 
Engines and other Power Plant, 
Chemical Plant, Plastic Moulding 
and Rubber Machinery, Track and 
Wagons, Tanks, Steel] Sections, 
Tubes and Fittings, Contractors’ 
Plant including: Air Compressors, 
Cranes, Locomotives, Pumps, etc., 
and every kind of Modern 
Secondhand Works’ Equipment. 
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EUROPEAN FREE TRADE AREA 


The White Paper published a few days 
ago by the Government on “ A European 
Free Trade Area”’ is of no great direct 
interest to industry. It is a “ Memo- 
randum” to the Organisation for Euro- 
pean Economic Co-operation, and its pur- 
pose, broadly, is to lay down the principles, 
as seen by the United Kingdom Govern- 
ment, within which the necessary discus- 
sions of the plan for a European Free Trade 
Area should be pursued. As we write 
these words the Council of the O.E.E.C. 
is meeting and our Government is pro- 
posing that “ general approval” should 
be given to the creation of the Free Trade 
Area and that machinery should be estab- 
lished for negotiating detailed arrange- 
ments. The suggested principles, clearly, 
are themselves open for discussion when 
other nations, notably the Messina group 
of France, Germany, Italy, Belgium, 
Luxembourg and the Netherlands, which 
are to enter into a complete customs union, 
and certain other countries interested in 
the setting-up of a Free Trade Area come 
to examine them. But at the time of 
going to press we have no knowledge of 
the conclusions reached. That in the 
present context is of little significance. 
The importance of the document lies not 
in the detail of its wording but in its 
affirmation that the British Government 
is taking the proposal to set up a European 
Free Trade Area seriously and that it 
desires to see a successful outcome of the 
negotiations. 

But though for industry the document 
is of limited interest, it is worth while 
stressing some of the remarks because of 
possible implications for the future. The 
British Government is taking the very 


practical line that the concept of a Free 
Trade Area is “ related primarily to the 
removal of restrictions on trade such as 
tariffs and quotas.” Through limiting 
discussions to such a practical objective 
agreement amongst the various nations 
which will be parties to the project may 
well be helped along. But unquestionably 
those who are strong advocates of the 
setting up of the Area have in mind 
something rather more exciting. The 
creation successfully of a Free Trade 
Area might very well be followed by a 
continuing trend towards increasingly 
close economic union amongst all the 
nations co-operating. Such a change, it 
is recognised in the document, might come 
about “either as a matter of deliberate 
policy or as a spontaneous development.” 
The comment may, perhaps, be ventured 
that unless such a trend does become 
observable after the Area has been set up, 
the survival of the necessary co-operation 
is unlikely. For though, rightly, the 
British Government and, no doubt, 
Governments of other countries also, 
wish to write into the agreements certain 
safeguards in the form of “escape” 
clauses which would permit a country 
suffering from acute balance of payments 
difficulties to reimpose quotas upon 
imports from other countries within the 
Area, it is obvious that it would be a 
serious blow to the whole concept were 
they ever used. Only through closer 
economic co-operation at the critical time 
could a means be found to overcome the 
temporary difficulty without breaching 
the free trade arrangements. 

Of course, industry here, and the trade 
unions, too, are both particularly con- 


cerned about the competition that must 
develop between British and other Euro- 
pean firms for the home market here and 
for the European market as a whole. 
Naturally, there are fears that differences 
in wage rates and in social policies may 
distort the free play of competition and 
suggestions have been made to the Govern- 
ment that in arranging the detail as to 
how over a term of years the Free Trade 
Area should come into being provision 
should be made for correction of such 
disparities. There the view of the Govern- 
ment appears to be that it would be 
difficult to write any suitable terms into a 
treaty ; and that, in any case, there are a 
number of other factors equally capable 
of disturbing the pattern of trade that 
are not all answerable to correction by 
legislation. Amongst them are taxation 
policies, social legislation and climatic 
and geographical factors. Very probably 
the influence of such factors can be easily 
exaggerated. Not very many years ago, 
for example, wage rates within this country 
for work of very similar character varied 
quite widely between different areas with- 
out effectively influencing ‘+e powers of 
differing firms to compete with one 
another ; and to this day rates levied by 
local authorities vary. It does not 
necessarily follow that a country in which 
wage rates are low must be able to under- 
sell the rest. The rates may be low 
because there is lack of capital available 
for ‘the provision of high production 
machinery, because there is absence of 
an adequate supply of power or because 
transport facilities are unsatisfactory. 
Furthermore, the gradual and progressive 
coming into being of the Free Trade Area 
must tend to have a corrective effect. 
None of the Governments concerned is 
going to tolerate internal policies which 
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would place its country at a trading 
disadvantage ; whilst the general enrich- 
ment which it is the main object of the 
scheme to bring about will ensure that 
any “levelling” that may be necessary 
will be up rather than down. The right 
course, surely, is to set in motion the 
machinery which will bring the Free 
Trade Area into being and to take cor- 
rective action thereafter should inequities 
become apparent. 
DISAGREEMENT AMONGST THE 
EMINENT 

Two alternative schemes for a road 
crossing of the Firth of Forth are described 
on another page of this issue. One of 
them, the scheme for a suspension bridge 
with a main span of 3300ft, is to become 
a reality. Its construction has been 
authorised. This bridge is sorely needed; 
it is a fine design and can confidently be 
expected to rank highly amongst this 
country’s civil engineering achievements. 
The other scheme for a “ tube ” or subway 
crossing the river—which has been rejected 
—is also of great interest. It is completely 
novel in conception, and is probably the 
boldest scheme put forward in this country 
in civil engineering since the time of the 
“* Mulberry” harbours. It is perhaps 
pertinent, therefore, to say a few words 
more about why it was rejected. The 
full argument is given in the report, pub- 
lished: last year, of the technical panel set 
up by the Ministry of Transport and Civil 
Aviation to examine the two schemes. 
Both technical and economic reasons are 
given to show that the bridge scheme is 
the more advantageous. That conclusion 
may well be correct. Certainly we are in 
no position to question it. But how charac- 
teristic (and natural) it is that, when a 
completely original proposal is discussed, 
eminent opinions are so completely 
divided. 

Two main factors were considered in 
the comparison—technical soundness and 
cost. The two are interdependent to 
some extent, as is exemplified by the 
fact that the panel included in its esti- 
mates a contingency allowance of 15 per 
cent for the subway, but of only 74 per cent 
for the bridge; the former was con- 
sidered “ more susceptible to hazard.” 
In fact, the cost estimate for the subway 
was increased by the panel above the de- 
signers’ own estimate, for various reasons 
until it was just about equal to that quoted 
for the bridge. It would be interesting 
to know whether the bridge estimates 
were made in such detail, but a conclusive 
answer will eventually be available when 
the bridge is actually built. Although 
the technology of suspension bridges is 
well understood in this country, a major 
structure of this kind has never been built, 
so presumably estimates of cost are still 
an uncertain factor to some extent. The 
same reasoning applies to the construc- 
tion time. These considerations are not, 
of course, adverse to suspension bridges 
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generally. They do, however, make com- 
parison with another scheme more difficult 
particularly when that other scheme is 
so novel. On technical grounds it is 
obviously difficult to decide which view 
is right, when the arguments “ pro” and 
“con” each have such eminent authority 
behind them. There is an argument about 
the so-called “Gambia” pile. The 
designers consider it an essential and 
advantageous element of the scheme, but 
the panel prefers bored piles. The panel 
considers that construction of the subway 
would be more hazardous than the bridge. 
For the subway, its designers point out 
that it makes use of methods already 
tried in other structures, and “ there is 
nothing hypothetical or hazardous about 
the proposals, nothing which, given proper 
care and supervision, cannot be put into 
effect with as near to absolute certainty 
and safety as may be hoped for in any 
large undertaking.” In operation, it 
has been pointed out that the subway is 
not immune to disaster by shipwreck. 
Probability is against it, especially if 
navigational precautions are taken, and 
it is true that a suspension bridge, likewise, 
is not immune from damage by aircraft 
or from wind overturning vehicles using 
it. Nevertheless, the outline of a large 
tanker, imposed upon a subway cross 
section drawing for the low water situa- 
tion, looms menacingly large. The sub- 
way would obviously be better placed in 
an estuary where large ships are, at best, 
infrequent visitors. It may be that, in 
the future, engineers will be able to 
make a more precise assessment of a 
problem such as this, by applying statis- 
tical criteria, as they are just beginning 
to do to concepts of structural safety. 

Perhaps, in conclusion, we may point 
out that it is always encouraging to 
see creatively original designs, especially 
applied to those large civil engineering 
structures, where safety and conservatism 
are strong forces. The principal designer 
of this subway scheme is Mr. G. A. 
Maunsell. His designs have, in the past, 
shown an unusual degree of originality ; 
the most recent one mentioned in these 
columns was the dry dock completed last 
year at South Shields, which well illus- 
trates this point. But our present age 
does not favour the innovator and the 
pioneer. There are too many codes of 
practice and precedents for that. And 
in the case of the Forth crossing, we have 
already a well-developed and efficient 
technique of construction in the suspen- 
sion bridge. There were no such com- 
petitors to set against the original designs 
of engineers like Telford or Brunel, who 
were approaching design problems for 
the first time. We can only hope that 
the subway scheme, which has been 
rejected for the Firth of Forth crossing, 
will, in the future, find application at 
some other site where conditions favour 
its use. 
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DILIGENT WORKMANSHIP 


In our last issue, under the heading 
“100 Years Ago” (page 201), we recalled 
that in 1857 we felt compelled to make 
some observations in our columns on the 
dearth of skilled workmen. In perusing 
the full text of the article from which the 
extract was made, we find ourselves echo. 
ing the thought of the Preacher who pro. 
claimed that “ there is no new thing under 
the sun !” Problems which vexed industry 
a hundred years ago are problems which 
often give rise to concern to-day. The 
only difference is that the “form” of 
those problems has altered considc rably, 
If we interpret the mind of our dis. 
tinguished predecessors at all correctly, 
we are drawn to the conclusion that they 
adjudged the majority of the skilled 
workmen of their day as being unreliable 
and irresponsible. The diligence of the 
workers, they evidently were convinced, 
was too frequently impaired by a strong 
bias towards depravity! It was a situa- 
tion, they declared, which could not be 
corrected unless there was a greater 
yearning after culture. With the develop- 
ment of the “ powers and faculties of our 
people,” it was urged, there would be less 
complaint about the dearth of skilled 
workmen. 

In these post-war years, one of the major 
anxieties in this country’s manufacturing 
industries has been the shortage of skilled 
labour. Greater industrial production 
and technological development of many 
kinds have led to a situation in which 
there have been more jobs available than 
men. The economic stresses of recent 
months have resulted in a slight reversal 
of that position, but, even so, the state 
of full employment in this country has not 
changed appreciably. Yet whether in 
that state there is always to be found a 
high standard of diligence in our work- 
manship is a matter upon which opinion 
is perhaps almost as sharply divided now 
as it was under the rather different circum- 
stances of a century ago. Managements 
probably find it difficult sometimes to 
refrain from criticism of some sections of 
their workpeople on account of “ cap- 
riciousness.” We very much doubt, how- 
ever, if anyone would rate “ dissipation ” 
and “sensuality” as sternly as did our 
editorial and industrial ancestors ! To-day 
for all sections of the community there are 
opportunities in plenty for acquiring 
knowledge of “ pleasures that elevate,” 
and for the enjoyment of manifold 
cultural benefits. But to what extent 
these and similar benefits of our civilisa- 
tion inspire greater diligence throughout 
industry has not, we believe, been at all 
precisely determined. Maybe, if our 
editorial predecessors could put their 
pens to paper now, they would proclaim 
(or declaim ?) upon the subject as readily 
as they did in February, 1857 ! 
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Operating Experience at Calder Hall 


At a Press conference in London last 
week Sir Christopher Hinton, managing 
director of the Industrial Group of the U.K. 
Atomic Energy Authority, issued a progress 
report on the performance, to date, of the 
nuclear power station at Calder Hall. Sir 
Christopher said that experience in operating 
the station for eight months had been very 
favourable. Calder Hall had gone into 
operation more smoothly and with far less 
trouble than was normally experienced in 
starting up a conventional power plant or a 
conventional chemical manufacturing plant. 
The nuclear behaviour had been good, the 
critical size being less than had been calcu- 
lated. Sir Christopher emphasised that this 
result would be of importance in the design 
of economical reactors of the Calder Hall 
type for industrial use, since the size of such 
reactors for a given output would be corre- 
spondingly reduced. Sir Christopher recalled 
that, for simplicity of construction the Calder 
Hall reactors were designed to be shut down 
when the fuel elements were being changed 
and the assumption was made that the reactor 
would be in operation for 85 per cent of the 
available time. In the event, since the No. 1 
reactor went on load, it had operated for 
90 per cent of the available hours. The 
only unexpected difficulty which had occurred 
was that the leakage of carbon dioxide from 
the system had been greater than expected. 
This leakage involved no hazard ; it hap- 
pened at places such as the glands of valve 
spindles and was progressively being remedied 
by conventional engineering methods. The 
cost of additional carbon dioxide to make 
good the loss would make no material differ- 
ence to the operating costs of the station. 
Generally, the performance of the fuel 
elements was better than was anticipated ; 
the rate of failure (two elements in No. 1 
reactor) was better than the predicted figure. 
Referring to the bowing of fuel elements 
under load, Sir Christopher said that, when 
the reactor was being designed, the rate at 
which the lower fuel elements would deflect 
under load was calculated and found to be 
satisfactory in the light of existing knowledge. 
Not long before the reactor became divergent, 
however, it was suggested “as a result of 
an extremely able piece of pure research work 
done at Harwell” that the rate of bowing 
of these lower fuel elements might be greater 
than had been allowed for and predicted by 
normal theory. This Harwell theory could 
only be investigated by examination of fuel 
elements which had been exposed in the 
reactor. Accordingly, the reactor had been 
closed down on one occasion and fuel 
elements had been removed for examination ; 
their general condition was excellent, but 
they did show that the Harwell theory was, 
at any rate, partially correct. An improved 
method of support involving a collar to 
prevent bowing at the centre of the lower 
fuel elements had therefore been devised : 
it was introduced into No. 2 reactor (now in 
full operation) and would replace the existing 
design in No. 1 reactor during its next 
routine shut down, which would soon be due. 
Sir Christopher concluded that the overall 
picture of the operation of Calder Hall 
during 1956 was that of a plant which, 
in spite of its pioneering nature, had gone 
into operation smoothly and satisfactorily, 
and was fulfilling all the best hopes of its 
designers. 


Industrial Re-Rating 


THE Minister of Housing and Local 
Government, Mr. Henry Brooke, made a 
statement in the House of Commons on 
Tuesday about the Government’s proposals 
for the reorganisation of local government 
finance. In it there was particular reference 
to the re-rating of industry. The Minister 
recalled that, in 1929, when unemployment 
was widespread, it was decided in the light 
of economic conditions as they then were to 
de-rate industry and freight transport from 
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“REDUCTION OF HANDS AT WOOLWICH” 


“ Reductions on an extensive scale are 
ordered to be put into execution in the 
Government ment at Woolwich. 
With a desire of corresponding with the 
rigid instructions of economy which have 
been issued, about 2000 artisans and 
labourers are likewise to be discharged at 
the end of March—namely, 1000 from the 
Royal Laboratory, 500 from the carriage 
department, and about 500 from the store- 
keeper’s and the gun factory departments. 
Reports are current to the effect that the 
majority of the artillery officers employed 
in superintending the departments of 
Woolwich Arsenal are to be superseded by 
civilians experienced in the duties of the 
departments, the services of the military 
officers having been demanded by the 
Commander-in-Chief.” 


“* MEETING OF WORKING MEN” 


“‘A crowded meeting of working men was 
held on Friday evening last at the Tem- 
perance-hall, Clerkenwell, Mr. Neale Porter 
in the chair ; when several resolutions were 
agreed to, having reference to the present 
distressed condition of the working men of 
the metropolis. The first resolution called 
the attention of Government to the ‘ severe, 
wide-spread, and alarming distress existing 
in the metropolis and its suburbs, the result 
of a long stagnation in the building and 
other trades.’ The other resolutions spoke 
of the ‘ acute and almost intolerable pri- 
vations’ now endured by working men, 
their wives and children, and stated that the 
only hope of the men who could not find 
employment was emigration to Australia, 
New Zealand, and Canada; and they 
therefore prayed the Government to grant 
them a free passage to the colonies. Peti- 
tions to both Houses of Parliament, based 
upon the resolutions, were agreed to.” 











100 per cent to 25 per cent of net annual 
value. Against the radically different eco- 
nomic background of the present day, the 
Minister said, the Government had 
thoroughly re-examined the matter, and had 
decided that it was now right to raise the 
rate contribution of industry and freight 
transport from 25 per cent to 50 per cent. 
In addition, further changes would be made 


in the system of pool payments to local. 


authorities by the nationalised industries, 
including the direct rating of electricity 
properties and the separate assessment of 
electricity and gas showrooms used as shops, 
so that all payments now included in the pool 
were taken into account as rates. In Scotland, 
the necessity for changes on those lines would 
not arise during the period up to 1961 for 
which the existing valuations were frozen. 
The Minister went on to outline the Govern- 
ment’s intentions concerning Exchequer 
grants to local authorities. He said that with 
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a few exceptions, where technical considera- 
tions made it impossible or not desirable, 
specific grants would be replaced by a general 
grant of an amount fixed in advance for a 
short period of years, though not necessarily 
at the same level for each year of the period. 
This general grant would be distributed to 
all county and county borough councils in 
England and Wales, and to county and town 
councils in Scotland, by reference to “‘ objec- 
tive factors which were readily ascertainable.” 


The Chemical Inspectorate 


THE Chemica! Inspectorate is one of the 
Government’s oldest scientific establish- 
ments. It is now controlled by the Ministry 
of Supply, but when it was formed in 1854 it 
was one of the organisations of the War 
Department. An account of the work of the 
Inspectorate over the last hundred years has 
been prepared by Mr. W. G. Norris and 
published this week under the title Chemical 
Service in Defence of the Realm. During 
the century, the organisation has had five 
different titles, but throughout it has per- 
formed its original function of acting as the 
inspection authority for all military stores 
and materials whose serviceability can be 
assessed primarily by chemical methods and 
such physical testing as may be required. 
To-day, as the booklet points out, this work 
includes the maintenance of quality standards, 
the compiling of service specifications for 
thousands of stores, and the development of 
new and improved analytical techniques and 
apparatus. In addition, the Inspectorate 
now provides a consultative analytical service 
which is available to all divisions and 
branches of the Ministry of Supply, and to 
other Government departments, such as the 
Board of Trade, Ministry of Health, the 
Home Office and the Ministry of Works. 
The establishment was started in 1854, under 
the direction of Frederick Augustus Abel, 
F.R.S., with its headquarters in one of the 
old gun factories at Woolwich Arsenal. 
Now, its work is directed by Mr. E. W. S. 
Press from headquarters at Kidbrooke, 
London, through eighteen out-stations, 
together with a number of substations. The 
biggest of these out-stations is at Woolwich 
Arsenal. The booklet written by Mr. Norris 
is not only historical ; it gives a factual 
account of many of the processes and methods 
employed by an organisation of research and 
development chemists whose work is essential 
in the supply of equipment for the armed 
Forces. 


Mr. A. E. Culley 

WE have learned with regret of the death of 
Mr. Alfred Edwin Culley, A.M.I.C.E., 
A.C.G.I., which occurred on February 5 at 
19, Branksome Close, Norwich. For over 
thirty years, Mr. Culley was well known in 
technical and trade journalism, and from 1931 
until his retirement two years ago he was 
editor of Machinery Market. Mr. Culley was 
born in 1877, and served apprenticeships with 
J. and J. Coleman, of Norwich, and with 
Clarke, Chapman and Co., Ltd., Gateshead. 
He started his professional career in 1900 
when he was appointed to the staff of Merz 
and McLellan. Thereafter for some years he 
served as a consulting engineer to architec- 
tural firms in Manchester and Liverpool, and 
in 1913 he went into practice on his own 
account. Mr. Culley relinquished his con- 
sulting practice during the first world war, 
however, to become chief engineer at the Bass 
Brewery, Burton-on-Trent. He resumed his 
consulting work in 1921 and continued his 
practice until 1926, when he joined the 
editorial staff of Machinery Market, becoming 
editor five years later. 























































Comparison of Continental, Russian 
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and British Engineering Education 


By C. JAEGER, Dr. és. Sc.,* B. L. GOODLET, O.B.E., M.A., M.I.Mech.E.,+ 
and A. L. L. BAKER, D.Sc., M.L.C.E., M.[.Struct.E.t 


No. Il—({Concluded from page 204 February 8) 


In this group of contributions Dr. Jaeger first reviewed (last week) higher 
technological education on the Continent, drawing attention to entry requirements 
into universities and colleges, to the nature and length of the courses that follow, 
and to the advanced studies that can be added later. Reference was also made to the 
work of the teaching staff. There follows a short comparative study by Professor 
Baker between British and Continental methods. A section on Russian engineering 
educatior by Mr. B. L. Goodlet comes next, in which the history of Russian scientific 


education is briefly noted and particulars are given of present methods 


and com- 


parisons made between this country’s and Russian methods. Lastly, Professor 

Baker sums up, drawing the conclusions that in this country post-graduate courses 

should be expanded, more boys should be recruited from schools for education in 
engineering, and that the status of professional engineers needs to be raised. 


COMPARISON BETWEEN BRITISH 
AND CONTINENTAL TECHNOLOGI- 
CAL EDUCATION § 


By Professor A. L. L. BAKER 


N the Central European or Scandinavian 

systems the length of study varies between 
four and five years. In the Western Zone of 
Germany it is four years, but it is hard, 
even for a good student, to complete the 
course in that time. Many new courses 
have been added to keep pace with the 
progress of technology without eliminating 
studies which may be out of date or not 
essential. The standard of entry of students 
to Technical Universities is probably not 
quite as high as at Imperial College. This 
is because the schools on the Continent do 
not specialise in the sixth forms as they do 
in this country. There are two kinds of 
schools or gymnasia—the classical and the 
real gymnasium. The latter is intended for 
scientifically and technically minded boys. 
These boys, on an average, are probably not 
as good academically as the best grammar 
school boys in Great Britain. In the first 
year at the Technical University, all candi- 
dates for different Faculties do a common 
course. At the end of this year, the standard 
reached is probably higher than that of 
British students at the beginning of the first 
year. This is an individual impression and 
may not apply generally. 

The four-year course (or sometimes five- 
year course) at the Technical University is 
separated into two parts. The first part 
takes two years, leads to the “ Vorpriifung,” 
which is an examination in the basic sciences 
—mathematics, physics, chemistry, perspec- 
tive geometry, applied mechanics, electricity, 
and a sprinkling of subjects related to future 
specialisation. An excellent grounding in 
the applied sciences is certainly given in the 
European system. In particular, the teaching 
of applied mechanics, including dynamics, is, 
on the average, of a very high standard, 
and this is due to the tradition started by 
such great educationalists as Féppl, in 
Munich and Grammel, in Stuttgart, &c. 
This is a particularly important point, since 
elementary applied mechanics is the basic 
subject of civil, mechanical and aeronautical 
engineering. The standard of the professors 
teaching these subjects is remarkably high. 


* Lecturer on Engineering Fluid Mechanics and Hydro-Power 
Structures, Civil i i Department, Imperial College. 
Educated at Federal Institute of Technology, ich. 

+ Formerly Deputy Chief Engineer, Atomic Research Estab- 
lishment, Harwell, formerly Professor of Electrical Engineering, 
Birmingham University. Early education in pre-revolutionary 
Russia. 

t Dean of Faculty of Engineering, University of London, 
Professor of Concrete Technology. Imperial College. 

§ Based on notes supplied by Professor Argyris, Professor of 
Aeronautical Structures, Imperial College: Graduate, Technical 
University, Munich. 








Well-known names are Grammel, of Stutt- 
gart, Marguerre, of Darmstadt, Kaufmann, 
of Munich, &c., who have produced pupils 
of similar standing who will take over when 
they retire. Engineering science is probably 
better taught than in Great Britain. 

After the “‘ Vorpriifung,”’ complete speciali- 
sation begins in the “‘Faculties”’ of civil, mech- 
anical, aeronautical engineering, metallurgy 
and mining. In the third year, all subjects of 
the syllabus must be taken but in the fourth 
year a further specialisation is possible before 
taking the final degree, for which a thesis 
must be written. A great number of failures 
are expected in the final examination and 
regarded as necessary for keeping up the 
standard ; 33} per cent is about the average 
proportion. A first-class honours degree 
means a very high standard which only 
3 to 4 per cent achieve each year. To obtain 
a pass requires very hard study. 

The calibre of the teaching staff is high. 
There are several professors in each “faculty,” 
and each is independent. A Dean of “Faculty” 
is elected for one or two years, and this 
office is usually filled in rotation. The staff 
are more independent than in Great Britain 
once professorial status has been reached. 

One of the great disadvantages of the 
Continental system is the overloading of 
the students in the last two years. This is 
due to the large amount of drawing and 
design work which has to be completed at 
the same time as very complete theoretical 
study. The design work must always be 
presented with a high standard of draughts- 
manship, paying attention to printing and 
finishing in ink. These unnecessary require- 
ments are often relaxed as far as third-year 
students are concerned in Great Britain. 
However, when an honours graduate leaves 
a good Continental college, he is able to 
deal successfully with practical problems of 
design. Thus, a qualified civil engineer can 
partake immediately in the design work of a 
suspension bridge or a complex reinforced 
concrete structure. 


RUSSIAN ENGINEERING EDUCATION 
By B. L. GOODLET 


The profession of engineering has two 
distinct traditions—engineering as an empiri- 
cal craft and engineering as a science. The 
science, as distinct from the craft of engineer- 
ing, was cradled in eighteenth century France. 
The first trained professional engineers 
were the officers of the Corps du Genie, 
formed by Marshal Vauban. Engineering 
science was first taught in the military schools 
of France, founded in 1720, and the first 
treatise on engineering science was Com- 
mandant Belidors’ “La Science des Inge- 
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nieurs,” published in 1729. The Ecole 
des Ponts et Chaussées was founded in 
1747 and by the time of the revolution two 
traditions had been firmly established in 
France. First that the engineer was an 
officer rather than a workman; second 
that the engineer received a scientific educa. 
tion. This was the system which produced 
the engineer officer Charles Augustin 
Coulomb, whose pioneer work on friction 
on earth pressure, on torsion and on elec: ricity 
and magnetism endures to this day. 

In the year 1793 the French military schools 
were disbanded as both pupils and teachers 
were suspected of counter-revolutionary ‘en. 
dencies. In the same year Gaspard Monge, 
Professor of Mathematics of the Ecole de 
Marine, proposed to the new Governnient 
that an engineering school of a new kind be 
organised to replace all those which jad 
existed under the old régime. This proposal 
was approved and instruction in the new 
school began in 1794. In 1795, the school 
was given its present name—L’Ecole Poly- 
technique. The system of instruction in the 
new school, planned by Monge, differed sub- 
stantially from earlier practice. In the old 
schools the design of each kind of structure 
had been treated as a separate and distinct 
problem. If some special bit of mathematical 
or scientific knowledge was needed it was 
taught as part of the design process. In the 
new school it was assumed that the different 
branches of engineering required the same pre- 
paration in the general subjects—mathematics 
mechanics, physics and chemistry. It was 
also assumed that a student well grounded 
in these fundamental sciences would find 
it easy to acquire the specialised knowledge 
pertaining to any particular branch of engin- 
eering. In accordance with this conception 
the first two years of the course were devoted 
exclusively to the fundamental sciences while 
engineering was studied in condensed form 
only in the third year. Later on, the engineer- 
ing courses were discontinued and the Ecole 
Polytechnique became a school for funda- 
mental science only, training in engineering 
being given subsequently in the resurrected 
monotechnic schools—the Ecole des Ponts 
et Chaussées, the Ecole de Mines, &c. The 
Ecole Polytechnique was exceptionally for- 
tunate in its initial teaching staff and evolved 
methods of instruction, including laboratory 
work, that were revolutionary for the time. 

The Paris Ecole Polytechnique set the 
pattern for the engineering schools of Con- 
tinental Europe which has endured to the 
present day. Polytechnics were founded in 
Vienna in 1815 ; in Karlsruhe in 1825; in 
Munich in 1827 ; in Dresden in 1828 ; in 
Hanover in 1831, and so on. However, since 
no special engineering schools were in exist- 
ence the Germans.reverted to the original 
plan of two years’ general study followed 
by two years’ study of some special branch of 
engineering taken in the same school. This 
meant the addition of several specialised 
engineering departments to the original 
scientific corpus of the Polytechnic. 

Passing on to developments in Russia, it 
is a mistake to imagine that medieval 
Russian technology was primitive. The work 
of the Russian armourers was always of high 
quality, being influenced by Swedish, Byzan- 
tine and Mongol techniques. In the year 
1586, the gun founder Andrei Chohov cast 
in Moscow a bronze cannon of 89cm bore 
and 534cm long weighing over 40 tons which 
can be seen in the Kremlin to-day. The 
Corps of Streltzy or Musketeers suppressed 
by Peter the Great at the end of the seven- 
teenth century were well equipped with fire- 
arms made in their own armouries. 

Peter the Great reorganised the whole 
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machinery of the Russian State and founded 
q salaried civil service having a prescribed 
rank structure. He~paid great attention to 
problems of supply and organised the work 
of mines, metal production, gun founding, 
gunpowder manufacture and musket pro- 
duction to a definite pattern. The tech- 
nologists working in these places were state 
servants holding ranks equated with those of 
the army and civil service. The standard 
of attainment in many of these places was 
high. For example, the first steam engine 
to work in Russia was built between 1760 
and 1763 by Ivan Polzunov in a metallurgical 
works near Lake Baikal. 

Polzunov was born in Siberia, educated in 
a military school there and trained as an iron 
master at the works in Zlatoust. He visited 
Furope only once, quite late in life. When 
he had reached a rank equivalent to army 
captain he read Leopold’s book on the steam 
engine and asked permission to build one. 
He got this permission from St. Petersburg, 
3000 miles away, within eighteen months— 
our own Ministry of Supply took much longer 
to make up their minds about Whittle’s 
jet engine ! This engine had two cylinders and 
was used for working the blast furnace bellows. 
An amusing side light on working conditions 
is astation order in Polzunov’s biography 
saying that pupil engineers were not to wear 
their swords in the workshops. Evidently 
the French tradition that an engineer is a 
member of the officer class rather than the 
working class was established in Russia quite 
early. 

The organisation of science in Russia goes 
back to 1725, the founding date of the St. 
Petersburg Academy of Sciences. It is worth 
noting that the mathematician Euler was a 
member of this body from 1727 onwards and 
spent a total of thirty-one years working in 
St. Petersburg, where he wrote the first 
treatise on mechanics in which the calculus 
was applied to moving bodies. The first 
technical school in Russia was the St. 
Petersburg Naval Academy, founded in 1715. 
This was followed by the Engineer School in 
1719 and the Artillery School in 1722. Two 
schools of hydraulic engineering were founded 
in 1767 and 1768 in connection with canal 
projects, while the year 1773 saw the 
foundation of the St. Petersburg School 
of Mines—the first higher technical institute 
in the country. 

A significant advance was made in 1809, 
when the Institute of Ways of Communica- 
tion was founded as a school for training 
civil engineers. The first director of the 
Institute was the French engineer Betancourt 
who, being a graduate of L’Ecole Poly- 
technique, modelled the Institute on the 
same plan. The St. Petersburg Technological 
Institute was founded twenty years later. 
To-day, the Russians train their civil, 
mechanical and electrical engineers in sepa- 
rate schools. The total duration of the 
course of instruction is about 4870 hours 
spread over five and a half years. For 
comparison, the usual three-year engineer- 
ing course at a British university totals some 
2500 hours, but from a rather higher entry 
standard. The general plan is that all 
students take the same courses in the first 
three years, have some common courses in 
the fourth year, and during the fifth and 
sixth years concentrate in some specialised 
branch of mechanical engineering ; the last 
half-year is spent on a design project in that 
branch. A list of some of the specialisations 
available is given later. This list shows that 
the degree of specialisation required of a 
Russian engineer is much greater than would 
be regarded as proper at any British univer- 
sity. It should, however, be noted that this 
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specialisation is achieved by a longer period 
of study and does not imply that insufficient 
time is spent on teaching fundamentals. 
The common courses taken by all students 


occupy some two-thirds of the total teaching. 


time and the time spent on basic subjects is 
as great as in British university courses. 
There is no reason to think that the 
Russian graduate engineer is less well 
grounded in fundamentals than the British. 
It is quite certain that he gets a better ground- 
ing in engineering drawing, design and 
manufacturing technology and is therefore 
useful to his employer with less further 
training than British graduates need. Finally, 
he makes a pretty thorough study of some 
particular branch of mechanical engineering. 
This curriculum, with its heavy lecture load, 
is obviously designed to cater for the large 


number of average men who can be turned . 


into useful engineers by good teaching. The 
man with research ability has to pursue his 
particular bent after going through the mill— 
or study science at a University. 

Some comparisons and conclusions will 
now be made. If it has to be admitted that 
engineering science was cradled in France, 
it is equally true that craft engineering was 
cradled in England. The early British 
engineers were mostly rough, untutored and 
self-taught workmen but, nevertheless, they 
led the world for 150 years. We can be 
proud of this and we are perhaps justified in 
concluding that when scientific knowledge 
in a particular field is inadequate and 
imperfect, practical experience and the 
intuition of genius are dominating factors. 
On the other hand, we would be wise to 
distinguish between civil and mechanical 
engineering, in which the untutored intellect 
can comprehend a good deal, and electrical, 
chemical and nuclear engineering which stem 
from scientific research and are incompre- 
hensible without a good scientific background. 
We would do well to remember that at no 
period have British engineers led the world 
in these more scientific branches of engineer- 
ing. 

The weakness of British engineers on the 
theoretical side was noted by the ex-mill- 
wright, Sir William Fairbairn, after the 
Paris Exhibition of 1855, who then wrote : 

“*T firmly believe, from what I have seen, 
that the French and Germans are ahead of 
us in technical knowledge of the principles 
of the higher branches of the industrial art ; 
and I think this arises from the greater 
facilities afforded by the Institutions of those 
countries for instruction in chemical and 
mechanical science.” 

In Britain, it is probably true to say 
that there was no school of engineering in 
existence until 1796. In that year an institu- 
tion for the instruction of artisans—the 
Anderson College in Glasgow—began to 
offer lectures on natural philosophy and 
chemistry. In 1799, George Birkbeck began 
to lecture there on mechanics and applied 
science, and after a time Mechanics’ Institutes 
were founded in other cities. Some of these 
institutes later became the nucleus of a 
provincial University. It is probably, there- 
fore, correct to say that, whereas the Con- 
tinental tradition is to create an officer class 
of engineers well-grounded in fundamental 
science and instructed in the practice of 
some branch of engineering, the charac- 
teristic British tradition is rather to teach 
artisans a little mathematics, geometry and 
science to help them better their station in 
life. 

This difference in outlook has survived 
to the present day. At the present time, we 
in the United Kingdom are producing two 
different kinds of engineer—the University 
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graduate and the man with a Higher National 
Certificate. The graduate gets a fairly ade- 
quate three years’ course on the application 
of mathematics and science to engineering 
problems. It is, however, generally admitted 
that he leaves the university weak in drawing, 
design and workshop technology and, unless 
his subsequent practical training is unusually 
good, he often remains weak in these fields. 
He gets very little instruction in the practice 
of any particular branch of engineering— 
it is, for example, not possible anywhere in 
England to get hundreds of hours of teaching 
on, say, boiler engineering or electric traction 
as is the case in Russia. The philosophy 
underlying the British university engineering 
courses is in fact that of the founders of the 
Ecole Polytechnique—that is, that anyone 
well grounded in fundamental science will 
find it easy to acquire the specialised knowledge 
pertaining to any particular branch of 
engineering, so that instruction in engineering 
proper is almost unnecessary. This philo- 
sophy is incorrect and it was in fact aban- 
doned quite early on the Continent where it is 
well established that instruction in some 
branch of engineering must follow instruc- 
tion in principles and fundamentals. 

A particular plea is made for much more 
teaching of drawing and machine design. 
In mechanical engineering in particular, the 
hub of the matter is the conversion of ideas 
into sound designs and designs into hard- 
ware. The conversion of ideas into designs 
requires much more than knowledge of engine 
eering science ; it needs the ability to pro- 
duce good drawings and a wide acquaintance 
with design precedents which are the well- 
tried solutions devised to meet similar prob- 
lems in the past. The designer must also know 
a lot about materials and shop processes, 
otherwise his designs will be awkward to 
make. The final stage of converting design 
into hardware demands a wide knowledge 
of materials, processes and machine tools and, 
last but not least, the ability to organise 
and administer large works. Quite a lot of 
this knowledge can be taught. 

It would be a great mistake to regard the 
corpus of knowledge required for machine 
design and manufacture as some kind of 
narrow specialisation. It is, on the contrary, 
basic to our mechanical civilisation and ex- 
tremely general, since it enables its possessor 
to participate with almost equal facility 
in any branch of mechanical engineering. 
Specialisation begins when some other kind 
of knowledge—e.g. thermodynamics—has to 
be added to the basic disciplines of machine 
design. The principles of manufacture 
remain much the same irrespective of what 
is made ; even watch making and turbine 
manufacture have many principles in common. 

The proposition that every mechanical 
engineer should be well grounded in the basic 
arts of mechanical design and processes of 
manufacture will be hard to refute. Let us 
turn to the question of how this knowledge 
can best be acquired—by “ picking it up ” 
or by being taught ? 

The writer’s opinion is that picking up 
knowledge by experience unaided by teaching 
is not a good way of learning an unfamiliar 
subject. Most people would agree that 
medical men at least should not be trained 
that way! One spends too much time 
deciding what is relevant and what is not, 
and in repeating other people’s mistakes. 
In actual fact, the graduate apprentice in a 
works learns by being told as well as by 
seeing and doing. The draughtsmen and 
craftsmen he works with are his teachers— 
unpaid and unco-ordinated ; the knowledge 
he acquires is unsystematic. Might not re- 
sults be rather better if graduates were given 
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some systematic instruction in machine 
design and manufacturing processes ? And 
if so, should this instruction be given in the 
teaching institution before he graduates or in a 
works afterwards ? 

The practice in Europe, especially Germany, 
Switzerland and Russia, is to give pretty 
thorough instruction in the teaching insti- 
tutions. When the writer was in Moscow 
recently, he discovered that the syllabus laid 
down for Russian undergraduate mechanical 
engineers included the following : 


Hours of 

Subject instruction 
Drawing and machine drawing ... ... ... ... 188 
ee a ee eae 
ST TIED «cnn, nos cose. ove. cos one MEE 
Metallurgy and heat-treatment ... ... ... ... 96 
Interchangeable manufacture... ... ... ... ... 48 
819 


This time is additional to that spent in 
instructional workshops. 

Besides this general training and some 
1800 hours on the basic engineering sciences, 
the Russian undergraduate spends about 
1000 hours studying in detail the problems of 
one branch of mechanical engineering ; 
for example—boiler engineering ; optical- 
mechanical instruments; foundry design 
and management; turbine engineering ; 
compressor engineering and so on, and also 
spends twenty weeks doing a design project 
related to that branch. One cannot help 
feeling that the Russian graduate mechanical 
engineer probably starts his career with as 
good a knowledge of fundamentals as many 
of our men and with greater capacity to be 
useful. 

The writer’s guess is, that the Russian 
graduate may well be as useful after one year 
in industry as our men are after two or three. 
If this guess is accepted, the picture is as 
follows : 


Russian British 
Years : 
Age at entry 17plus ... 18 plus 
Military service ... ... ... Nil eo 
Period to graduation ... ... 5+ ee 
Further training in works .... 1 Pe | 
Age at which fully trained ... 24 . 25plus 


Needless to say, instruction at the required 
level can only be given if there are professors 
and departments covering each one of the 
subjects listed and maintaining close consult- 
ing connections with the appropriate works 
and industries. These necessary conditions 
appear to obtain in the Russian mono- 
technics ; in England, a single professor of 
mechanical engineering is expected to look 
after everything. 

How in fact do our mechanical engineering 
graduates learn the practical side of their 
profession ? After an initial period in the 
shops those few who wish to specialise in 
works management may be made foreman’s or 
planning officer’s assistants and so introduced 
to all the troubles of the shops. Design is 
taught by giving the man a board and a 
problem and tearing up his first half dozen 
solutions. The man who, after this, still 
wishes to be a designer, will probably be a 
good one, but some will undoubtedly become 
disheartened. Recently, one or two large 
concerns have started advanced engineering 
courses for their graduate apprentices but 
most of the instruction seems to be concerned 
with recent advances in engineering science 
rather than bread and butter design and 
manufacture—which is, of course, very 
difficult to teach. 

The Higher National Certificate man gets 
his theoretical knowledge by part-time study 
during an apprenticeship. The Higher 
National Certificate courses are neither as 
long, as stiff, nor as wide as degree courses, 
and the theoretical knowledge of the H.N.C. 
man is often very s i On the other 


hand, his outlook is practical and he often 
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has drawing-office as well as workshop expe- 
rience by the time he qualifies. He also 
does know something about the practice 
of the particular branch of mechanical 
engineering which concerns his firm. For 
these reasons, many firms find H.N.C. men 
more useful than university graduates. The 
recent Government White Paper proposes to 
increase the national output of this kind of 
man and to give him a better education. 
This is to be done by starting sandwich 
courses lasting four to five years from O.N.C./ 
G.C.E. level and involving alternate periods 
of theoretical education in a_ technical 
college and specially designed practical 
training in industry. These proposals must 
be welcomed because they represent some- 
thing which can be achieved in a reasonable 
time, building on what already exists. On 
the other hand, five years divided between 
technical college and works is at best only 
just equivalent to three years at a university 
and two years at a works, and neither alterna- 
tive, in my opinion, reaches the all-round 
level of the five and a half years’ Russian 
courses. For this reason, the Government 
proposals are “‘ too little and too late.” 

In conclusion, we should remember that 
no system of education can teach all the 
knowledge that the recipient will need in 
forty years of professional life, and that we 
should therefore not be too depressed about 
our imperfection. The real job in education 
is to stimulate our students so that they go 
on learning for themselves all their lives— 
and our British system has not done this job 
too badly. 


COMMENTS AND CONCLUSIONS 
By Professor A. L. L. BAKER 


Engineering science on the Continent is 
generally as well taught as in Great Britain. 
In addition, one and a half, two and some- 
times three years are devoted to more 
advanced and specialised study which enables 
students to be fully trained, professional 
engineers on leaving the technical university. 
In Great Britain, it has been the custom to 
leave industry to complete the applied side 
of engineering training in most branches. 
Present policy, however, aims at introducing 
post-graduate courses in special branches of 
engineering science more appropriately taught 
at the university. Some students will proceed 
directly after graduating to such courses, 
but the general aim will be to recruit young 
engineers back from industry for advanced 
study in subjects in which they intend to 
specialise. A development of this policy 
would appear to have advantages over the 
Continental and Russian systems, since the 
students’ decision to specialise can be delayed 
and only selected students will take the post- 
graduate courses, the majority of students 
being sufficiently educated academically at 
graduate level for the majority of engineering 
appointments. The amount of such post- 
graduate education in great Britain is, how- 
ever, at present far too small. 

The Russians believe in a narrow but high 
standard of specialisation in the fifth year. 
In Great Britain, it would be considered 
unwise for a young engineer to decide so early 
without industrial experience on a particular 
subject for specialisation and one which might 
commit him to a highly specialised career. 
The Continental system has the advantage 
that it requires all professional engineers to 
be of high intellectual calibre and so ensures 
that there is an adequate supply of specialists 
educated to an advanced level. The present 
British policy, even if valuable bursaries are 
offered for post-graduate courses, may not 
succeed in attracting a sufficient number of 
suitable students back from industry, since 
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the most competent young engineers wij 
naturally secure the most promising positions 
in industry, and, unless strongly encouraged 
by their employers, will not wish to return to 
college for further education. 

The Continental colleges employ « very 
large staff of specialist professors for 
advanced and specialised study. These men 
are frequently eminent engineers taking a 
leading part in consulting work, which js 
encouraged, and deemed to be an essential 
activity. The Continental colleges appear 
frequently to devote too much time to craw. 
ing and routine laboratory work durinz the 
first three years. The longer hours of work, 
compulsory attendance and lack of residential] 
facilities are in many cases also disadvan- 
tages which they have, in comparison with 
British universities, where ample frecdom 
for discussion, social intercourse and games 
activity is emphasised. 

Nearly all the Continental enginecring 
colleges require a high standard in languages 
and some arts subjects at entry. Further 
study at college is obligatory, and the subjects 
are examined and passes are compulsory to 
obtain a final diploma or degree. British 
engineering colleges are tending to make 
only science subjects compulsory, both at 
entry and for the final degree, leaving arts 
subjects as advisable, but optional, at entry 
and extra curricula during college courses. 

British engineering colleges, which are a 
part of a university, and where the students 
live in residence halls of mixed faculties, have 
an advantage, although residential mixing 
with arts students is no substitute for follow- 
ing a general studies curriculum. There are, 
however, many British colleges where residen- 
tial accommodation is limited, and the 
engineering buildings are geographically 
isolated. Practically the only university 
conditions existing then may be that 
occasionally some of the staff meet others of 
different faculties at senate level, and Govern- 
ment grants are received indirectly through 
the university court, which safeguards inde- 
pendence in research and teaching. A 
general studies faculty within the engineer- 
ing college, as at Zurich, has much to 
commend it as a broadening influence. 
Optional extra-curricular general studies 
lectures, however, are probably better, if 
they are able to attract a good proportion of 
students. 

The Russians consider that most engineer- 
ing subjects at advanced level, and-in regard 
to design and practical application, are better 
taught in institutions than in works, provided 
adequate laboratory facilities are available. 
In an institution where the primary purpose 
is teaching and research, the most advanced 
knowledge of any subject can be taught in a 
systematic and orderly manner by the best 
authorities on the subject, provided such 
men have close contact with actual industrial 
production. According to the White Paper 
on Technical Education, 1956, the Russians 
claim to be producing 280 per 1,000,000 of 
population as professional engineers, taking 
five and a half year courses at specialised 


institutes. For other countries, the figures 
for 1953 are as follows :— 
OEE eo eae? ee ee 
ba mo 
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Great Britain e 57 (1954) 


The figures for scientists (1953) are as 
follows :— 


Western Europe asawhole ... ... ... 48 
Great Britain ... ... ie phe eee 


The report on Scientific and Engineering 
Man Power in Great Britain, published in 
October, 1956, by H.M. Stationery Office, 
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estimates that in Great Britain in 1955 200 
r 1,000,000 of the population qualified as 
S pneers or scientists, and that double that 
number will be required in 1970. Most of 
these engineers and scientists will qualify 
after a three years’ course or the equivalent 
“ sandwich ” course. 
It would appear that, in the future, in 
Great Britain, it may be necessary to encour- 
age more boys from the schools to take 
engineering courses instead of science 
courses and, eventually, to take a specialised 
post- -graduate training. | Many  school- 
masters still seem to have a nineteenth 
century attitude towards engineering as a 
career and do not appreciate the intellectual 
qualities necessary to-day for a professional 
specialist engineer to be successful. The 
status of the professional engineer on the 
Continent is higher than in Great Britain, 
and the standard of education has been an 
important factor in bringing this about. 
The Continental colleges are separate from 
the universities and, generally, directly under 
Government control. The British engineer- 
ing colleges in the universities enjoy greater 
freedom and sometimes close contact with 
other faculties of the university. But financial 
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administration may be more cumbersome. 
Finally, it is evident that, in Great Britain, 
we should : 
(1) Greatly expand our post-graduate 
courses and thus, in certain subjects, com- 


plete the full professional training of 
engineers, for example, in: (a) nuclear 
engineering, (6) hydro-power design, (c) 
reinforced concrete design, and many other 
subjects. 

(2) Provide adequate bursaries and per- 
suade industrial employers that more promis- 
ing young engineers must return from 
industry to take post-graduate courses. 

(3) Recruit more boys from the schools 
for the engineering colleges, particularly 
those excelling in science subjects. In future, 
probably the proportion of such boys taking 
science at college as compared with engineer- 
ing should be reduced. 

(4) Generally improve the status of the 
professional engineer. A lead from Govern- 
ment departments who employ engineers 
might influence some of the schools where 
engineering, even at the highest level, is still 
thought to provide a suitable career for boys 
who work better with their hands than their 
heads. 


Work Sampling Techniques in 


Work 


Study 


By J. A. C. WILLIAMS, M.Sc. (London), A.M.I.Mech.E., A.F.R.Ae.S. 


In the general techniques of work study, worker or machine behaviour is studied 
as a continuum by visual, photographic or chart methods. Two techniques now 
used in practice differ from the others in that momentary sampling observations 
are taken by direct visual or photographic means. The techniques, ratio delay 
and memomotion (time lapse photography), may be classed together as work 
sampling techniques and are powerful when it is required to survey large 
areas or long time durations. The statistical basis of ratio delay is discussed, 
and the effect of differing sample sizes is illustrated by curves, and the practical 
implications from this examined. The precautions required to be taken during 
observation are stated and an accuracy comparison is made with stopwatch methods. 
References are given to different applications over a broad field, including equip- 
ment utilisation, establishing wage incentive schemes and the investigation of 


causal factors in worker behaviour. 


The conventional memomotion method and 


development work on this carried out at the College of Aeronautics, Cranfield, 
is stated. The field of application is discussed and sample film strips are given. 
Reference is made to the statistical treatment of memomotion data which can be 
either by small sample theory, or, as with ratio delay, by binomial theory. The 
advantages and disadvantages of both methods are stated and an attempt has 
been made to relate the work sampling techniques to the other work study tech- 
niques. Neither technique falls conveniently into the usual dichotomy of work study 
techniques into method study and work measurement. A list of references is given 
as a help in introduction to these techniques, which the textbooks generally neglect. 


HE main techniques used in the field of 
work study are essentially those used by 


F. W. Taylor and F. B. Gilbreth, some of ° 


which have been modified to suit manage- 
ment control systems, such as that of C. E. 
Bedaux. In this field the performance of 
work is generally observed during the study 
period as a continuous process and the 
observational techniques involved may vary 
from stopwatch (rating) study to micromo- 
tion photography. The data obtained during 
observation is a sample of work which is 
related to long-term performance of work 
(production) by numerical corrections, such 
as rating and compensating rest (C.R.) 
allowances in stopwatch (rating) study or not 
at all in motion study. The conventional 
work study techniques have many advan- 
tages and disadvantages associated with 
the need to study standardised work within a 
restricted area of vision. The restricted field 
of study present in the older techniques has 
resulted in the development later of methods 


having no such restriction and, therefore, 
possibly a wider field of application. 

The techniques of ratio delay and memo- 
motion photography have been developed 
over the past thirty 
years to study work 
behaviour (or perform- 
ance) over a relatively 
unrestricted area. They 
come in the same field 


as the normally under- B wei 
stood work study cho 


techniques, but these 
newer methods are 
ignored in the main 
in textbooks or by the 
main body of practi- 
tioners.. The tech- 
niques have been 
called here work 
sampling techniques, 
as they represent a 
departure in approach 
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Fig. 1—Schematic representation of ratio delay observation (after de Jong) 
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(1) as momentary qualitative observations 
are made, (2) the data is analysed using 
statistical concepts, (3) long-term effects and 
large areas can be easily studied. 

All work study techniques are concerned 
with aspects of behaviour of men and 
machines which are studied at various levels 
characterised by differences in time intervals 
and the area of study involved. These levels 
and the techniques applicable to them can 
be conveniently divided into : 

1. Micro level : micromotion and chrono- 
cyclegraph photography and predetermined 
motion time standards (e.g. M.T.M. and 
Work Factor). 

2. Macro level: stopwatch rating study, 
ratio delay and memomotion photography. 

3. Molar level : ratio delay, memomotion 
photography, chart methods (flow, flow pro- 
cess, string diagrams and travel charts), and 
time reduction (“‘ learning ’’) curves. 

These descriptive levels are very useful in 
formulating ideas as to methods which can 
be applied in work study and will be used 
here. The work sampling techniques are 
seen from this scheme to be applicable at 
the macro and molar levels of behaviour ; 
that is to say, for categories of behaviour 
lasting one second and upwards, a region in 
which lie the grossest forms of inefficiency in 
industry 

This paper attempts to summarise much 
of the work reported so far, criticise the tech- 
niques and attempt to place them in a 
rational framework. The work sampling 
techniques examined are ratio delay (other- 
wise called activity sampling or snap reading) 
and memomotion (otherwise called, in bio- 
logical science, time lapse photography). 


RATIO DELAY TECHNIQUE 

History.—This technique originated with 
L. H. C. Tippett, of the Shirley Institute of 
the British Cotton Industry Research Asso- 
ciation, in approximately 1927 (Tippett, 1935). 
It was used by him in the textile industry, 
where it is imperative to obtain realistic 
information on large numbers of machines 
and workers spread over a large floor area. 
The technique was virtually ignored by 
practitioners until Morrow (1940) applied it 
in the U.S.A. under the name ratio delay 
(in contrast to Tippett’s nomenclature “ snap 
reading”). The method appears to be used 
widely in the U.S.A., but in the U.K. its 
use appears to be very restricted and not 
accepted within the normal range of methods. 

General Method.—The method is one of 
quantified induction from qualitative 
momentary observations. Categories of 
work behaviour about which it is required 
to obtain information in the form of a prob- 
ability percentage of occurrence over a time 
period are nominated and then a large 
number of momentary (“‘ snap”) observa- 
tions are taken of the work during the period. 
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The behaviour from each observation is 
listed under the predetermined categories, and 
the number of observations in any one 
category divided by the total number of 
observations is an estimate of the percentage 
occurrence of that category of behaviour. 
The form the observation takes can be repre- 
sented diagrammatically (after Dr. de Jong) 
for four workers in. the manner shown in 
Fig. 1. This illustrates two important 
points : 

(a) It is not necessary to observe every 
occurrence of each category of behaviour, 
e.g. the first round of observation missed 
the “ black ” category on worker D and the 
fourth round the “hatched” category on 
worker B. 

(b) That a momentary glance takes a 
finite (although very small) time which may 
coincide with a change of behaviour category, 
e.g. third observation with worker A. This 
can lead to error from bias (see below). 
A typical study form is shown (Fig. 2) for 
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KEY: W-= Working sitting. | N—Not working sitting. TW = Talking about 
WS= ” standing. NS=” ” standing. sioemenes 
WA= ” absent. NA=”" ” ebsent. ebout work. 
(b) 
Fig. 2 (a) and (6)—Aliternative methods of recording 
ratio delay observations 


five workers (numbered 1 to 5 in the record) 
in two alternative forms: in this the cate- 
gories “working” and “not working” 
are mutually exclusive but “ whether talk- 
ing” is not mutually exclusive with “ work- 
ing” and “not working.” Counting 
machines (Kinniburgh and McTaggart, 1954) 
have been developed to assist recording. 

Although the method has a statistical basis 
(discussed below) it can be seen to be 
essentially that which is employed in building 
up personal opinions of fellow men or the 
state of machines of the form : 

(1) “He is a slack worker ”—because 
on the occasions he has been observed, the 
worker has been mostly reading a newspaper. 

(2) “‘ That crane is never used ”—because 
on the occasions observed the crane has been 
observed as not in use. 

Precautions Necessary—The method 
appears simple to apply but the value of 
results depends upon necessary precautions 
which must be taken. These are : 

(J) The observations must be momentary 
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(Tippett, 1935, 1953). This requires dis- 
cipline in the observer, especially at the end 
of the day following a long study when an 
observation is made near the change point 
between one category of behaviour and 
another (see Fig. 1)—the tendency being to 
bias the judgment towards the category most 
frequently observed during the day. 

(2) The observations must be randomised 
relative to the process to reduce bias. This 
can be achieved by observations timed at 
random intervals if the work behaviour is 
periodic or by observations timed at constant 
intervals when the work behaviour is 
aperiodic or subject to variation. In most 
practical cases randomisation is achieved 
without special precautions being taken, 
although it should be a routine matter to 
examine the point. 

(3) The worker should not be affected by 
the observer’s presence. Evidence on this 
is difficult to obtain and depends on the 
social relationship of observer and worker. 
It is necessary to rely upon the judgment of 
the observer as to “ observer effect.” It is 
possible to evaluate the observed behaviour 
in the form of “ rating ” (Tippett, 1953), but 
this cannot be applied in the manner common 
in stopwatch rating study but only in 
establishing a mean value for the period. 

(4) To define carefully the types of events 
and behaviour to be placed in each recorded 
category and to interpret the observed 
behaviour correctly. This requires careful 
attention and it is desirable to make a pilot 
study for this purpose. In order to interpret 
the behaviour it is sometimes necessary to 
await the outcome of observed behaviour or 
to make inquiries of the worker. Observa- 
tion differences between observers may be 
appreciable and instances are known where 
differences of interpretation occur between 
observers although the observation was the 
same. 

If these precautions are not taken unknown 
errors arise which are difficult to detect ; 
for this reason it is considered that trained 
observers are necessary although cases are 
known in British industry where untrained 
people have been placed on this work. 

Categories Used and Applications Made.— 
The technique can be applied to : 

(1) Machines alone 

(2) Workers alone 

(3) Worker-machine combinations 
so that its potential scope is large. 

The categories of behaviour used in a study 
are determined by : 

(1) Being of sufficient duration to be 
detected in a momentary (snap) glance : 
this forces them into macro and molar levels 
of behaviour of at least one second duration, 
so that the observer can comprehend the 
behaviour. It is possible to use the technique 
at this minimal level in conveyor belt work 
(Williams, 1955 a) but for normal purposes 
durations of five seconds and upwards would 
be used in which case the minimum “ work 
element” studied is the same as that in 
stopwatch rating study. In many of the 
studies made so far, the categories are of a 
duration of one minute or more. 

(2) The purpose of the study. For pre- 
liminary studies gross categories (molar 
level) such as “ working ’—‘“‘ not working ” 
or “machine stopped ”’—‘ running,” are 
used, but for more detailed analysis finer 
descriptions are necessary and many more 
categories are employed. In textile weaving, 
ratio delay studies are commonly made, 
using as many as fifty categories. 

The applications made so far are illus- 
trative of the power of the technique. No 
useful purpose is served by listing every 
application reported in the literature, but 
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the range of application of the techniques js 
shown by some of the studies known to the 
author. 

(1) Investigation of causes of loom stop. 
pages and employment of weavers’ time op 
the textile industry (Tippett, 1953), aud of 
productive and non-productive time ii: the 
ladies’ garment industry (Abruzzi, 1952 ;:). 

(2) Investigation of individuals divging 
trenches and loading lorries in the bu: ding 
industry (Kinniburgh and McTaggart, 1954). 

(3) Analysis of individuals’ time spent in 
administration and in cook house duties in 
one of the Armed Services and of time spent 
by members of a work study depariment, 
As a result of these studies reallocation of 
duties was made in both cases. 

(4) Investigation of stoppages on press 
operation and in conveyor belt packing and 
of certain social factors such as taiking 
(Williams 1955 a). 

(5) Appraisal of the utilisation of cranes and 
fork lift trucks in a foundry when it was 
proposed to buy extra equipment when ex- 
panding production. 

(6) To provide data to form a basis for in- 
direct labour wage incentives. 

(7) Investigating process and rest allowances 
used in stopwatch rating study (Abruzzi 
1952 a). 

(8) Surveys of retail distribution problems 
carried out for the British Boot, Shoe and 
Allied Trade Research Association and the 
Retail Distributors Association Incorporated 
by the D.S.LR. Industrial Operations Unit. 

The technique is probably most often used 
to assess and reduce the gross inefficiencies 
= in a process, i.e. a technique of method 
study. 

Statistical Treatment.—The treatment of 
the data follows the setting up of a statistical 
model following a binomial distribution. It 
is necessary here to comment upon a funda- 
mental concept of causality : certain pheno- 
mena are known to vary following alteration 
in their causes—such as happens when 
differences in production rate are caused by 
differences in physical makeup of workers. 
Such causes when known are termed assign- 
able causes. Other factors can cause varia- 
tions in the dependent variable which are 
small and appear at random: these are 
termed chance factors, are considered un- 
economical to investigate further and may 
be unknown. 

Tippett (1935) pointed out when analysing 
a process by the ratio delay technique, after 
the effect of assignable causes had been re- 
moved by analysis of variance, the residual 
variance should be subject to chance factors 
only and follow a binomial distribution to 
which estimates of accuracy limits can be 
assigned. It is first necessary to investigate 
that the process is in statistical stability. 
Abruzzi (1952 a) has suggested, following 
Lorge (Haggard and Lorge 1937), that statisti- 
cal quality control charts can be used in 
analysing this data and this form of approach 
gives convenient means of establishing 
future management control of a process 
(Tippett 1953). 

A binomial distribution is asymmetrical 
when the number in a sample is small and 
p (the probability) is not approximately 0-5— 
the approach to symmetry is shown for in- 
creasing size of sample with a probability 
of 10 per cent (Fig. 3). A transformation 


angle=arc sine Vp 
can be used in the analysis of variance in 
these circumstances. In practice few tech- 
nicians subject the data to analysis to in- 
vestigate stability and to remove assignable 
causes and in these circumstances the esti- 
mates of accuracy often quoted are not 








Feb. 


> 
~ 


° 
w 


> 


Frequency (Fraction of toto!) 
S 
we 


Frequency (Fraction of total) 
> ° 


> 


Frequency (Fraction of total) 


wm 


ea ee ey ey ae 














Feb, 15, 1957 











/ Net" =50 


Frequency (Fraction of toto!) 
> 
~ 





> 
| 
4 
4. 





bX ; 
Z 


















































16 18 20 





04 








> 
w& 














Frequency (Fraction of total) 
> 
mR 


> 
= 


















































35 40 

= | 3 
F —. $+ 
. 2% 1 
¥ | srs acelin el | 

| j " | 
I aS ee 
iy 
ae x 4 10 16 «19 


(c) 


(a) Event occurrences in samples of n. 
(6) Percentage occurrence of event in samples of n. 
(c) Accuracy estimates in event occurrences (sample= 100) 


Fig. 3—Frequency polygons for binomial expansion of 
(p+[1—p)n for various n and p= pe dle gal 
ability of event occurrence. Standard 


(o.)=V np(i— p) 


necessarily true (Abruzzi 1952 a). Control 
charts may be used to assess whether an 
analysis of variance is needed and a result 
in this form is shown in Fig. 4 for samples 
covering a duration of 30 minutes each—the 
effect of combining intervals is also shown. 

If the estimate of probability in a binomial 
distribution population is p then the standard 
error of the distribution of samples of size 
nis 


- [a= P (=p) dy 100 (expressed as a percentage), 


and 


=V np(l —p) (expressed as actual occurrences in 
n observations), 


and the accuracy of estimation from a sample 
can be assumed approximately +2 x (stan- 
dard error) for 5 per cent level of probability 
(Fig. 3). The variation of standard error 
(in absolute percentage) and of standard 
error/p (in percentage of p) is shown in Fig. 5. 

Number of observations required—As the 


mp) the number of 


observations required to obtain a certain 
degree of accuracy can be calculated assuming 
an initial estimate is made of p. Abruzzi 
(1952 a) has contended that it is necessary 
to design a study after specification of the 
accuracy limits : this is obviously desirable 
but can be open to question (Williams 


standard error is 
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Fig. 4—Quality control = plotting of ratio delay 
ta 


1955 5) on the practical grounds‘ that : 

(1) The specification by management of 
confidence limits may be of doubtful use 
without the use and economic value of such 
limits has been investigated. 

(2) Changes in workers and in product 
often occur in British industry so that con- 
trolled observation is rendered difficult. 

The normal working day is 510 minutes 
(eight and a half hours), so that to obtain 
values within an accuracy of +5 per cent 
(absolute) at 1 per cent probability level, the 
number of readings required is in the order 
of thousands. This oe readings being 
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examined and it is suggested that the quota- 
tion of an error in estimation from Fig. 5 
may be both inaccurate and pragmatically 
of doubtful use. 

Checks of ratio delay estimations have been 
made by stopwatch on the same job and an 
extract of such a study (Kinniburgh and 
McTaggart, 1954) is shown in Fig. 6. This 
shows that the correspondence between ratio 
delay and stopwatch results is reasonable for 
the type of work studied. 


MEMOMOTION 


History.—Memomotion is the name given 
by Marvin E. Mundel (1950) to the applica- 
tion to work study purposes of an old tech- 
nique used in the biological sciences, time 
lapse photography. Mundel’s application in 
1946 was prompted by the need to analyse, 
for Life magazine, the preparation of 100 
meals which would have been impossible 
using normal 16 frames per second cine- 
photography, owing to the immense length 
of film that would have been used. The 
technique is not so often used as a ratio delay 
but recent developments discussed below 
show that it has peculiar advantages and 
undoubtedly its use will increase, with know- 
ledge as to its potentialities. 

Gilbreth probably used a camera in a 
similar fashion because he has noted : 
“., . our methods and devices have been 
criticised as being specially adapted to prob- 
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achieve such accuracy. 
In many cases practi- 
tioners are satisfied with fewer readings 
taken at longer intervals in which case it is 
necessary to bear in mind the asymmetry 
of a binomial distribution. 

Accuracy of Determination—This is 
dependent upon the precautions noted above 
being taken and in particular some doubt 
must always arise as to observer effect. In 
assessing accuracy by the use of the statistical 
standard error, Fig. 5, it must be assumed 
that the effects of assignable causes (such as 
difference between shifts or foremen) have 
been removed: this point is very seldom 
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with machine auger (from Kinneburgh and McTaggart 1954) 


lems involving the minute of motions but 
too expensive for the general time study 
purposes. A moment’s consideration, turn- 
ing the crank of the cinematograph may be 
done as slowly as the requirements of the 
particular case of time study demand. In 
fact we have films that were taken at the 
rate of one picture every ten minutes .. .” 
(Gilbreth, 1916). 

General Method.—The method as com- 
monly used is to photograph a workplace 
at the rate of one or two frames per second. 
When projected at normal speed (16 frames 
per second) the work scene is easily under- 
stood, the behaviour being merely speeded 
up. The film can be studied frame by frame, 
as in the Gilbreth micromotion method. 
Examples of such films taken at the rate of 
two frames per second, are given in Fig. 7. 

Recent work at the College of Aeronautics, 
Cranfield (Norbury, 1954), has employed 
memomotion with times between frames 
(frame interval) from half-second, in multiples 
of half-second up to once in four hours. 
This allows a full day’s work to be photo- 
graphed on 100ft of film at a sampling rate 
of one frame every eight seconds. Further 
unreported work at Cranfield uses two 
sampling rates during the same study of the 
operation with typical cycles of three minutes 
of half-second frame intervals followed by 
twenty-seven minutes of sixteen-seconds 
frame intervals : this has certain advantages 
in studying both the variation of work cycle 
times throughout a work period (at macro 
level) and the grosser (molar) categories 
obtainable in ratio delay study whilst reducing 
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Fig. 7—Examples of memomotion 


film usage and analysis time. Examples of 
this are shown in Fig. 7. 

Generally cine-cameras have been adapted 
for this work, but clearly this is wasteful and 
a simple camera with a large magazine and a 
winding-on mechanism is sufficient provided 
an appropriate wide angle lens is used, 
preferably with a large aperture to cope with 
low lighting levels without using flood- 
lights. 

Application——The technique 
mainly applied to study : 

(a) Workshop layouts. 

(b) Material flow. 

(c) Man and machine utilisation. 

(d) Operator and material movement over 

an area. 

But it has been shown (Norbury, 1954) 
that the technique can be applied to 
the detailed study of individual workers on 
assembly operations for which micromotion 
photography has been employed previously. 


has been 


A typical study of this type is shown in Fig. 7 
of part of an operation in strain gauge 
manufacture. 

It is obvious that economy is achieved in 
studying the majority of work, both in film 
cost and in the time spent in analysis. With 
the possibility of using a wide range of frame 
intervals has come the possibility of specifying 
an optimum range dependent upon : 

(a) Work cycle time. 

(6) Area of study. 

(c) Purposes of study such as those listed 

above. 
Norbury (1954) has proposed a relation- 
ship in diagrammatic form (Fig. 8 a). 
As forty frames are present in Ift of 16mm 
cine-film, one work day (510 minutes) can be 
filmed in 13ft of film at one minute frame 
interval. In view of variations in workshop 
lighting levels requiring aperture adjustment 
for ideal exposure and the possibility of 
damage if a camera be left unattended in a 
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workshop overnight, an attendant is Possibly 
required to give occasional service. In nor. 
mal work study practice the use of frame 
intervals longer than one minute woyj 
probably be unjustified and the supreme 
flexibility of Norbury’s operating device 
developed primarily for research, not needed 
The longer intervals can be associated with 4 
ratio delay form of analysis so that in order 
to obtain reasonable accuracy it is as well to 
keep the minimum number of frames to 599 
approximately. The Norbury relationship 
can, therefore, be simplified to give interyals 
of half-second minimum in multiples of 
half-second up to one minute (Fig. 8 5). 

Analysis —The memomotion film can be 
analysed : 

(a) As a speeded up picture of the film 
record projected at sixteen frames per second, 
For reasonable understanding of the scene 
this method is limited to films taken at 
maximum of two-seconds frame intervals, 
This form of presentation is extremely useful 
in convincing management of the ineffj. 
ciencies present in a process and is a useful 
spur to action. 

(6) By an individual frame analysis using 
the record as a ratio delay study. In this 
case care has to be taken in interpreting the 
picture for frame intervals of eight seconds 
and above, as the film does not give a record 
of work which appears continuous. In order 
to increase numerical accuracy the maximum 
frame interval is suggested as one minute, 
reg giving 500 readings for one working 

y. 

(c) By preparation of a chart and form of 
analysis similar to that of the Gilbreth simo 
chart ; this has been termed macromotion 
study (Norbury, 1954). It is suitable for 
frame intervals of half second and one second 
and obviously is accurate to within half a 
second. 

In the latest Cranfield two-rate develop- 
ment, the half-second frame interval sequence 
is used for a detailed study of the work cycle 
(macromotion study) and the appraisal of 
any statistically significant difference of 
work cycle times throughout the day both in 
mean and in variances : the sixteen-second 
franie interval sequence is analysed as a ratio 
delay study. 


COMPARISON OF METHODS 


The techniques of ratio delay and memo- 
motion are similar in that momentary 
observation is made visually and auditorially 
in ratio delay and visually by photography in 
memomotion, but certain disadvantages and 
advantages are peculiar to each technique. 
These are : 

(a) Rate of Sampling —Memomotion gives 
a higher rate of sampling than ratio delay. 
This implies that shorter elements of be- 
haviour can be studied by memomotion. If 
long-term effects of sampling (between shifts 
or days) are required then ratio delay is more 
suitable. 

(b) Availability of Result.—In memomotion 
it is necessary to negative, process, and then 
analyse the film. This results in a two days’ 
delay in a practical case. The ratio delay 
result is available almost immediately, espe- 
cially if use be made of F. W. Taylor’s 
“‘ economy ”’ principle in only recording the 
categories of behaviour not normally ex- 
pected to be found. This can only usually be 
done in studies using the grosser categories, 
e.g. if it be the normal expectation to find 
the worker “‘ working and sitting” (Fig. 2), 
then that category would not be recorded 
when observed. 

(c) Permanency of Record.—The memo- 
motion record is permanent so that if an 
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observer is uncertain of the source of in- 
eficiency in a workshop the record can be 
analysed at leisure. The ratio delay record 
jg under predetermined categories, so that 
source of inefficiency must be at least sus- 
before the study so that categories can 
be nominated. When using pencil and paper 
recording in ratio delay, an opportunity is 
nt of adding fresh categories and/or 
making notes against each observation, so 
that some flexibility is allowed. The counter 
machine used in some cases in ratio delay 
studies (Kinniburgh and McTaggart, 1954) 
does not appear to allow such flexibility. © 
(d) Interpretation of Data.—Mistakes can 
be made in interpreting single frame pictures ; 
this suggests that only the use of molar cate- 
gories of behaviour such as “ sitting” — 
* standing ” is possible when frame intervals 
are eight seconds and above. Ratio delay 
does not have such a restriction, although it 
js sometimes necessary to take a momentary 
observation and then wait the outcome of 
behaviour until meaning can be given to the 
observation. In ratio delay, workshop 
sounds can be heard and these are often 
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accurate to, say half a second in macro- 
motion study. At frame intervals of twelve 
seconds upwards using memomotion, a 
qualitative observation can be used similar 
to that of ratio delay and the estimation is 
then based on ratio delay statistical concepts. 

(A) Cost.—Apart from the cost of the 
camera, the memomotion technique is 
generally more expensive than in ratio delay, 
but to make such comparisons is to ignore 
the general savings that result from the 
employment of both techniques which render 
questions of cost inappropriate. 


POSITION OF WORK SAMPLING TECHNIQUES 
IN Work STUDY 


Work study is applied towards ends which 
can be summarised (Currie, 1954) as : 

(a) Better manning. 

(b) Improved planning. 

(c) More effective control, including labour 
cost control. 

(d) A rational monetary incentive. 

In practice the approach in work study has 
been divided conveniently into (a) method 
study, (b) work measurement, which also 

divide the techniques 
so that the Gilbrethian 
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Fig. 8—Relationship of study and frame interval, techniques. 


extremely helpful in adding meaning to a 
visual observation. 

(e) Area of Observation —Memomotion is 
forced to record observations in one direction 
from one position. Ratio delay has no such 
restriction so that a wider field can be sur- 
veyed than is possible in memomotion. 

(f) Observer Error and Effect.—The photo- 
graphic record is practically momentary, but 
the ratio delay observation is subject to 
unknown observer error. Norbury (1954), on 
the basis of worker behaviour, has claimed 
that the memomotion method has no 
observer effect; under the research (and 
therefore confidential) conditions in which 
his studies were taken this is probably true. 
It is doubtful as to what the effect would be 
if memomotion studies were made by normal 
production departments, especially if the 
photographic evidence were not used wisely 
by management in union negotiations. Ratio 
delay probably results in some observer 
effect, but this depends upon social relation- 
ships between observer and workers. 

(g) Time Measurement.—Ratio delay uses 
a purely qualitative observation from which 
a quantitative estimate can be made for the 
duration of observation in the form of a 
percentage probability of occurrence. Memo- 
motion can be used as a quantitative record 


purpose of memomotion 
(a) Norbury, (6) simplified 


The main technique 
of work measurement 
is stopwatch rating study, which is especially 
suited to the study, at the macro level, of 
standardised work with work elements 
between five and thirty seconds. It would be 
possible to make a study of the same type of 
work by both ratio delay and memomotion, 
but in the former case the normal form of 
element rating could not be applied and in 
the latter the time delay in getting results 
would make it impractical. In these circum- 
stances, work sampling techniques would 
not be suggested as alternatives to stopwatch 
study in the general case. In deriving values 
for stoppages (voluntary and involuntary) 
for use in formulating allowances in stop- 
watch rating study, ratio delay is more 
powerful and cheaper than the normal pro- 
duction study. For indirect labour, ratio 
delay can be used to allocate work and base 
incentive payments. 

In the field of method study, both work 
sampling techniques have proved to be 
powerful. The first object of method study 
is to reduce gross inefficiency and it is only 
after this has been achieved and the work 
highly standardised, that the Gilbrethian 
techniques of micromotion and chronocycle- 
graph photography can be applied. Both 
ratio delay and memomotion can be used with 
chart methods (flow process, flow, travel and 
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string diagrams) to reduce the inefficiencies 
at the molar and macro levels to the level at 
which the micro techniques are applicable. 

At the micro and macro level, mechanical 
recording devices have been recently intro- 
duced to record stoppages and production 
rates as a continuous record. These devices 
prove extremely useful in a standardised 
job after the efficiency of working has been 
made high. Work sampling techniques are 
not alternatives to such devices, whose records 
still require inspection action to be taken to 
discover the source of an inefficiency. 

Techniques are tools whose value is deter- 
mined by the user and it is essential to 
emphasise in conclusion that the value of 
work sampling is determined, as with the 
other work study techniques, by the know- 
ledge and experience of the user. Both work 
sampling techniques lend themselves to 
analysis of the present state of a job, but the 
ratio delay technique can also be applied 
as a production control method. 
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Surface Water Yearbook of Great Britain, 1953-54. 
Prepared by the Surface Water Survey Centre of the 
Ministry of Housing and Local Government. H.M. 
Stationery Office. Price £1 10s.—The Surface Water 
Yearbook is the only publication in which there are 
comprehensive records of measurements showing 
both the run-off and related rainfalls of rivers and 
“ reservoired” areas in Great Britain. The new 
edition contains records of 102 river gauging stations, 
compared with 81 in the previous edition, and there 
is a map showing all the stations. There is also a 
number of new features, including a new table showing 
the duration of flows of various magnitudes in eight 
selected rivers. This gives an idea of the normal 
character of the rivers conce: 

Another innovation is the recording of natural 
water temperatures of the Bristol Avon and the Test. 
Thus a start has been made on the compilation of 
water temperature records which throw light on 
several problems. One of these is whether water 
temperatures affect the behaviour of salmon. Another 
is the part which temperature may play in the effect 
of pollution on fish life. 
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Passenger Train Service, Melbourne- 
Sydney | 


( Contributed ) 


HE fact that last year the Olympic Games 
were held in Melbourne was the 
occasion for introducing many overseas 
passengers to the Australian Railways. It 
is of interest, therefore, to recall how the first 
Inter-State railway connection in Australia 


which town (altitude 534ft) is reached imme- 
diately after crossing the Murray River, 
here forming the boundary between Victoria 
and New South Wales. So far, the gauge of 
the railway has been Sft 3in, but at Albury 
we come to the end of this stretch of the 
Victorian Government 
Railway system (laid 
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with 94 Ib rails) and 
change on to the 4ft 
84in gauge (laid with 
107 Ib rails) of the New 
South Wales Govern- 
ment Railways. 

From Albury to Syd- 
ney the distance by rail 
is 399 miles—Fig. 1— 
the route being an ex- 
tremely severe one 
crossing as it does the 
Great Dividing Range 
which skirts the east 
coast of New South 
Wales. Leaving Al- 
bury, the line is single 
track through Henty 
and Wagga Wagga 
(where it’ crosses the 
Murrumbidgee River), 
until, reaching Junee 
Junction (100 miles 
from Albury), it con- 
tinues as a duplication 








Fig. 1—Route of Melbourne-Sydney line 


was established on June 14, 1883, with the 
completion of the line from Melbourne, 
Victoria, to Albury, New South Wales. 
Since then railway development in Victoria 
and elsewhere in Australia has been rapid 
indeed, the total route mileage of the 
Victorian Government Railways being now 
4660 miles. In considering these figures we 
should bear in mind that the State of Victoria, 
with a population of 2,500,000, has an area 
of 87,900 square miles, or little less than that 
(88,800 square miles) of the United Kingdom 
(excluding Northern Ireland), where the 
population exceeds 50,000,000. To-day, 
progress has been such that except in moun- 
tainous country, “practically no part of 
the State of Victoria is further than 8 miles 
from a railway.” 

Of the railway lines radiating from Mel- 
bourne the most important—from the point 
of view of inter-State communications—are 
those which connect with Sydney to the east 
and Adelaide to the west. The following 
notes relate to the line Melbourne—Sydney, 
which, from the terminus at Spencer Street, 
runs north-east via Seymour and Wan- 
garatta, crossing the hills north of Melbourne 
at Heathcote Junction, 334 miles from 
Spencer Street. Since the station platform 
at Melbourne has an altitude of only 30ft 
and as Heathcote Junction (the summit) 
is at 1145ft, the difference in levels is 1115ft. 
The steepest gradient is 1 in 50, encountered 
on both sides of the summit. Descending 
through Kilmore East, Broadford and Talla- 
rook, the end of the double-track line is 
reached at Seymour, 614 miles from Mel- 
bourne. From this point onwards the line 
continues, via Benalla and Wangaratta, as a 
single-track railway over the distance of 
129} miles separating Seymour and Albury, 


through to Sydney. At 
Bethungra (altitude 
1055ft) there com- 
mences the severe climb to Morrison’s Hill 
(altitude 1664ft), the distance of 26 miles in- 
cluding the 10-mile ascent from Cootamundra 
(altitude 1082ft) to Morrison’s Hill throughout 
which the average gradient is 1in75. Thesum- 
mit of the line is reached at Cullerin (altitude 
2396ft), whence the remaining 159 miles 
through Goulbrun (junction for Canberra) to 
Sydney is on falling gradients, including the 
steep descent of 25 miles{from Aylmerton to 
Picton, where the ruling gradient is 1 in 75. 
From Picton (altitude 522ft) the line falls 
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more or less gently to Sydney (altitude 67ft) 
It will be noticed that the really heavy going 
on the route from Melbourne to Sydney jg 
on the New South Wales section, from 
Albury to Sydney and even with the powerfy| 
class “* 38” steam locomotives used on this 
route, the load is restricted (Harden to 
Goulburn) to 440 tons. This stretch iicludes 
the severe climb to the summit at © ullerin 
an obstacle compared with which the «scents 
to Shap or Beattock summits in Great 
Britain appear easy. 

The fastest timing on the inter-State line 
between Melbourne and Sydney is that 
provided (on the section from Melbourne 
to Albury) by the train (“ Spirit of Progress”) 
—Fig. 2—which, first put into service on 
November 23, 1937, leaves Spencer Street 
Station, Melbourne, at 6.30 p.m. daily, 
and is due to arrive at Albury at 10.20 p.m. 
The distance by rail from Melbourne to 
Albury being 190 miles, and the booked 
time 230 min, the average start to stop speed 
is 49-6 m.p.h. On the occasion when the 
present writer travelled in the “ Spirit of 
Progress” the train arrived at Albury dead 
on time. The journey was rendered the more 
notable by the comfort of the train, the 
excellence of the cuisine in the restaurant 
car and the outstanding courtesy of the per. 
sonnel. As to the composition of the train, 
accommodation is provided for 273 first. 
class and 192 second-class passengers. It 
includes, along with the restaurant car, a 
sumptuous parlour (observation) car, all 
‘vehicles (built mainly of Cor-ten steel) being 
air-conditioned. The equipment throughout 
reflects the highest credit on the Australian 
engineers and craftsmen who designed and 
built the train. From 1937 until 1954 the 
“ Spirit of Progress ”—which has an average 
weight of 547 tons—was hauled by one or 
other of a group of four, three-cylinder 
4-6-2 steam locomotives built (1928-33) at 
the Newport workshops of the Victorian 
Railways. Since 1954, the train has been 
hauled by diesel-electric locomotives equipped 
with sixteen-cylinder, two-stroke, 1600 h.p. 
General Motors engines, the diesel engines 
and the main electrical units being supplied 
by the Electro-Motive Division of General 
Motors Corporation, the frames, bogies, 
axles, track wheels and body work being 
manufactured and the components assembled 
by the Clyde Engineering Company, N.S.W. 
On these locomotives—which have a fully- 





Fig. 2—“‘ Spirit of Progress’ at speed near Kilmore East 
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jaded weight of 1114 tons—dynamic brak- 
ing is provided, this being additional to the 
normal Westinghouse brake. 

The fact that neither the load hauled nor 
the timing of “Spirit of Progress” have 
heen changed since the substitution of diesel- 
dectric locomotives for the large three- 
cylindet ** Pacific’? steam locomotives, 
renders it of interest to compare the leading 
particulars of the respective power units : 





—_— 








Steam Diesel-electric 
ae 223-85 tons 111-6 tons 
, ae ans aad 111-6¢t 
Adhesive weight ... ... 5 tons *6 tons 
Mietive effort othr uaa 41,670 Ib (at 85 per 60,000 Ib 

cent boiler pressure) (starting) 
40,000 Ib 
) bw gree 
Sap Saat oa 23-5 tons (max. *6 tons 
Axle load ; (max) 
ber of driving axles 
ales of driving 72 Hin 40in 
Is 
igid wheelbase ... ... 13ft 4in 13ft 2in 
fees oneal aad 's vas 85ft 6in 60ft 10in 








Onward from Albury—over the 4ft 84in 
gauge of the New South Wales Government 
Railways—the train consisted of six sleeping 
cars, one luggage van and one composite 
sleeping car and day coach, the last men- 
tioned vehicle being detached at Goulburn 
for Canberra. The sleeping cars (twelve- 
wheeled) have a tare weight of 43 tons and 
carry twenty passengers in two-berth com- 
partments. The total load Albury to 
Goulburn was approximately 355 tons, the 
engine from Albury to Goulburn being a 
“Pacific” of New South Wales Railway’s 
class “* 38,” built by the Clyde Engineering 
Company, Sydney. This engine was changed 
at Goulburn (where the load was reduced to 
about 320 tons) for another of the same 
class which would normally have worked 
through to Sydney. Owing, apparently, 
to some derangement the engine which 
came on at Goulburn was detached at 
Picton and replaced—for the onward journey 
all downhill to Sydney—by a smaller 4-6-0 
engine of class ‘* 33.” Due to the circum- 
stances mentioned, the arrival time at Sydney 
was 9.45 a.m. instead of 9.12 a.m., which is 
the advertised arrival time. Since the booked 
time for the distance of 399 miles from Albury 
to Sydney is, by this particular train, 632 min, 
the booked inclusive average speed, Albury 
to Sydney, is 37-9 m.p.h. Particulars have 
already been given of the exceptional severity 
of the route Albury-Cullerin. The total 
booked time Melbourne to Sydney (589 
miles) being 882 min, the corresponding 
average speed over the entire journey is 
40 m.p.h. 

Since these notes were written there has 
been introduced, between Melbourne and 
Sydney, a new train known as the “ Day- 
light Express,” this service operating thrice 
weekly. The train, made up of air-conditioned 
coaches and a buffet car, is hauled throughout 
by diesel-electric locomotives. The inclusive 
time Melbourne-Sydney has, by the intro- 
duction of this train, been reduced to 13 h 
25 min, or 805 min, the rere | 
inclusive average speed being 44 m.p.h. It 








will be observed that as many as 77 min have 
been taken off the booked inclusive times 
Melbourne to Sydney, 72 min of which are 
contributed by an acceleration in the inclu- 
sive time between Albury and Sydney, now 
reduced to 560 min. The new timing over 
this extremely heavy road has thus raised 
the average speed between Albury and Sydney 
from 37-9 m.p.h. to 42:7 m.p.h. On the 
190-mile stretch from Melbourne to Albury 
the new time is 228 min, the average speed 
being put up from 49-6 m.p.h. to just 
50 m.p.h. 
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Refractory Nozzle Blades for High- 
Temperature Gas Turbines 


On February 8, 1957, the North-East Coast Institution of Engineers and Ship- 

builders discussed a paper “‘ The Development of Refractory Nozzle Blades for use 

in High-Temperature Gas Turbines” by T. H. Blakeley and R. F. Darling, abstrac- 

ted below. The work on high-temperature gas turbines was described in THE 

ENGINEER on August 5, 1955 (page 193), October 7, 1955 (page 506), and July 13, 
1956 (page 60). 


Foe a number of years now, Pametrada has 
been engaged on the development of gas 
turbines employing inlet temperatures of 
1200 deg. Cent. (2200 deg. Fah.) or more. These 
temperatures are well beyond what could be 
withstood by metallic materials, and it is intended 
to cool the rotor blades by means of the so-called 
thermosiphon method. This method depends 
for its effectiveness on the high gravitational 
field arising from the rotational movement of 
the blades, and thus cannot be applied to the 
fixed blades of the turbine. The latter must 
therefore either be cooled by a different method 
or else be constructed of non-metallic materials 
that maintain their strength up to 1200 deg. Cent. 
and beyond. As far back as 1948, a search was 
begun for refractory materials possessing the 
necessary strength and other characteristics, and 
capable of being made up into turbine nozzle 
blades. This was obviously a job calling for 
specialised knowledge in the field of refractories, 
and a research contract was therefore placed by 
Pametrada with the Morgan Crucible Company, 
Ltd. 


Ric Tests 


The work on _ high-temperature turbines 
crystallised into the design of an experimental 
single-stage turbine with liquid-cooled rotor 
and refractory stator blades, to run at 2200 deg. 
Fah. As it was only a single-stage machine the 
fixed blades could be supported at both ends, 
thus greatly reducing the stresses and generally 
simplifying the problem of blade mounting. 
The blades are of prismatic form and both ends 
fit loosely into suitably shaped recesses in the 
inner and outer holding pieces. The latter are 
of segmental shape, and twelve of them fit 
together to form a complete ring. Although the 
blades fit quite loosely into the recesses, they 
are nevertheless held accurately at the correct 
angular setting as scarcely any twisting motion is 
possible. 

The next step was obviously to test cascades 
of such blades in a rig. Owing to the reduced 
velocity and pressure of the gas, the heat transfer 
coefficients under thermal shock conditions were 
considerably lower than would occur in an engine. 
To make up for this the temperature difference 
employed in deliberate thermal shocks was in- 
creased, and the normal practice was to reduce the 
gas temperature abruptly from 2200 deg. to about 
1000 deg. Fah. 


The first four or five cascades of blades to be . 


tested were all of zircon-chromic oxide, with the 
exception of one set of alumina blades which 
proved very susceptible to thermal shock and 
were not persisted with. The best of the zircon- 
chromic oxide blades showed themselves capable 
of withstanding numerous thermal shocks with- 
out visible damage. Others developed cracks, 
usually in a longitudinal direction. It was 
eventually discovered that the properties of this 
material were dependent to a considerable degree 
on the exact nature of the firing treatment. 
Once the correct firing conditions were deter- 
mined and arrangements made to control them 
strictly, blades could be made that were appa- 
rently unaffected by twelve or more thermal 
shocks. Several such blades were run for pro- 
longed periods at a steady temperature of 
2200 deg. Fah., and after periods varying from 
80 to 150 hours they began to yield to the stress 
and eventually developed cracks. A similar 
type of failure was obtained in a much shorter 
time in one or two tests where the temperature 
was inadvertently allowed to rise above 2200 deg. 
Fah. All these failures were considered to be 
due to what was essentially a form of creep. 


This was borne out by laboratory tests which 
showed the creep strength of this material to 
be low at 2200 deg. Fah. and decrease sharply as 
the temperature was raised higher. 

During the tests described above, the holding 
pieces had suffered much more severely than the 
blades themselves. The webs between the 
recesses cracked very easily and the overhung 
portion of the inner holding piece tended to 
break off. These holding pieces had been made 
of zircon, and it was decided to change to one of 
the Morgan Crucible Company’s proprietary 
materials known as “ Triangle Non-Spalling,” 
which was more resistant to thermal shock. At 
the same time, a reconsideration of the design 
showed that the pitch/chord ratio of the nozzle 
blades could be increased somewhat without 
sacrifice of efficiency, and the total number of 
blades was therefore reduced from seventy-two 
to sixty, i.e. five blades per holding piece instead 
of six. The depth of the recesses was also 
reduced, and the combined effect of these modifi- 
cations was to give a more robust holding piece 
with thicker webs. The new type of holding 
piece gave no further trouble throughout the 
remainder of the rig tests. 

A further material to be tried was a metal- 
ceramic body consisting of 75 per cent chromium 
and 25 per cent debased alumina (‘‘ Metamic* 
612”). These blades showed themselves entirely 
resistant to the worst thermal shock that could 
be applied, but very weak in creep. At 2200 deg. 
Fah. they distorted appreciably in two or three 
hours, and even at 2000 deg. Fah. they showed 
appreciable distortion in fifteen or twenty hours. 

Finally, as a result of their own research work 
(i.e. not under the Pametrada contract) the 
Morgan Crucible Company produced a type of 
self-bonded silicon carbide to which they gave 
the code name “IC.” Several such blades were 
tested and proved themselves immune to the 
worst thermal shock that could be administered. 
One set was given sixteen shocks without any 
sign of damage appearing, and the test was sub- 
sequently carried on at a steady temperature of 
2200 deg. Fah. for a total running time of 363 
hours. At this stage the test was discontinued 
as it was apparent that thousands rather than 
hundreds of hours of running would be required 
to produce any cracking or distortion. The 
only damage suffered by these blades was a 
certain roughening of the concave faces and the 
appearance of slightly glassy patches on the 
convex faces. Analysis of this glassy material, 
which had evidently been molten at the working 
temperature, showed it to contain elements not 
present in the original blade, and it is believed 
to have come from inorganic material present 
in the combustion gases, not necessarily from’ 
the fuel. 


TURBINE TESTS 


While the rig tests described above were 
being carried out, the manufacture and 
assembly of the single-stage ‘experimental 
turbine had also been proceeding. Nozzle 
blades for this turbine had had to be ordered 
before the “‘ IC ” material was tested, and it was 
decided therefore that the first set to be made 
should be in zircon-chromic oxide. It was appre- 
ciated that under turbine conditions these blades 
might have a relatively short life, but it seemed 
safe to assume that they would last perhaps 
twenty or thirty hours. By the time the blades 
were delivered, the rig testing of the “IC” 
blades had been completed and a further set in 
this material was also ordered. Nevertheless, 
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the first turbine tests proceeded using the zircon- 
chromic oxide blades. 

It was considered advisable to test them first 
without the rotor in position, and the turbine 
was therefore assembled in this condition (the 
nozzle blade ring assembled in the turbine casing 
was illustrated on page 61, January 13, 1956). 
At the time of writing, the complete nozzle ring 
has been run for about forty-three hours, includ- 
ing eleven hours at maximum temperature. 
Two of the blades were found to be cracked after 
a short period of running, and two more at the 
completion of the above period. None of the 
damage was such as would have imperilled the 
rotor had it been in position, but the damaged 
blades were, of course, replaced immediately. 
The remainder of the blades were in excellent 
condition. 

The most serious damage was to the holding 
pieces, particularly the inner ones, which are 
not supported on the downstream side. The 
material originally used was chosen entirely for 
its thermal shock resistance, and it was evident 
that something with a greater strength would be 
required. New holding pieces in improved 
material are now in course of manufacture, but 
they have not yet been received for test. 

These tests also brought to light a further 
serious difficulty, namely, the leakage of gas 
between and behind the holding pieces. On the 
basis of air flow and pressure drop measurements 
this leakage was estimated at about 20 per cent 
of the total air flow. This represents a direct 
loss of turbine work and cannot possibly be 
tolerated ; in fact, a leakage of even 1 per cent 
would be regarded as serious. The holding 
pieces have been redesigned with a view to reduc- 
ing the leakage as well as increasing their strength, 
but as they will always require to be a loose fit 
in the casing, due to differences of temperature 
and expansion coefficient, there is cause for 
doubt whether it will ever be possible to achieve 
an acceptable result. 


CONCLUSIONS 


It is too early to dogmatise on the outcome 
of the investigations into the use of non-metallic 
materials for stator blades. It is probable, 
however, that the development of metallic 
materials with good strength at high temperature 
is approaching its limit, and if gas turbine operat- 
ing temperatures are to be raised to the level 
where a long-life machine can achieve the same 
thermal efficiency as a diesel engine, alternative 
types of blading must be sought. The choice 
lies between metallic blades, cooled in some 
manner or other, or non-metallic blades operating 
at the same temperature as the gas. 

Intensive investigation, both at Pametrada and 
elsewhere, has revealed the difficulty and com- 
plication of cooling a ring of nozzle blades 
effectively, and this is an obvious field for the 
application of non-metallic materials. There 
is an inherent difficulty in the relatively high 
brittleness of these materials and this must be 
frankly faced, but it should hold few terrors to a 
generation of engineers that is so confidently 
embarking on such problems as the application 
of nuclear energy. An adequate factor of safety 
must be built with the design, and designers, long 
accustomed to metals, must adapt their thinking 
to utilise the available materials, which, at the 
best, are somewhat akin to cast iron (at room 
temperature) in their behaviour. 

The work described in this paper has indicated 
that stator blades can be made in a ceramic 
material (zircon), but that their factor of safety 
is low. Metal-ceramic blades are more promis- 
ing, but there is a nice balance between good 
creep resistance and good high-temperature 
strength, on the one hand, and good thermal- 
shock resistance, on the other. Further improve- 
ments can be expected on the results that we have 
reported. 

More promising than the other materials 
already discussed are the newer forms of silicon 
carbide now being developed. These have 
excellent high-temperature strength, good resist- 
ance to oxidation, thermal shock and creep. 
Fabrication of these bodies still presents diffi- 
culties ; but here, also, further improvement can 
be prophesied. 

Carbon and graphite, with an impervious 
coating, would be ideal materials (apart from 
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their intrinsic brittleness), but the perfect coating 
has yet to be developed. 

In tests to date the holding pieces have given, 
if anything, more trouble than the blades them- 
selves, and the prevention of gas leakage is a 
particularly serious problem which must be 
solved if progress is to continue. The answer 
here may lie in the use of metallic mountings— 
possibly protected with a coating of refractory— 
whick could be relatively easily cooled as only 
a small amount of surface is exposed to the hot 
gas stream. 

We are conscious that much remains to be 
done, but a promising start has been made and 
the incentive to continue is very great. We face 
the future with considerable confidence. 


DISCUSSION 


Dr. T. W. F. Brown, who was acting in the 
absence of the chairman, thanked the authors 
for an interesting paper. He thought it was a 
very fair presentation of the facts, no attempt 
being made to minimise the difficulties or short- 
comings of the materials. 

Professor Birstall asked, in view of the immense 
difficulties at such high temperatures (2200 deg. 
Fah.), was not the present project rather 
ambitious and why had not an intermediate 
temperature between 1400 deg. Fah., the highest 
for metals, and 2200 deg. Fah. been chosen? In 
view of the fact that the project had crystallised 
into a single-stage design, why was it necessary 
to have a complete ring of stator blades and why 
could not nozzles have been used in their place ? 
Whilst knowing very little about ceramics he 
could not see why the gas leakage problem and 
blade locating problem could not be overcome 
by making the blades and holding pieces in one 
complete ring. 

Dr. Stevenson (Thermal Syndicate) commented 
on the co-operation between the design engineers 
and the manufacturers of the ceramics which, in 
this instance, was evident, and he thought that 
it was essential that all projects should be 
approached in this way, for it was only by such 
co-operation that a satisfactory conclusion 
could be reached. Current American literature 
would have us believe that “‘cermets’’ were the 
answer to all these high-temperature problems, 
but he thought that graphite was more promising 
if only it could be prevented from oxidising in 
the gas stream. 

Mr. B. J. Terrell (Pametrada) commented on 
the need for new engineering techniques with 
these new materials. He thought that the sealing 
problem might be overcome by the use of sealing 
strips, such as light foil, which would offer little 
restraint to the segmental holding pieces, but 
would effectively seal the gaps necessary for 
thermal expansion. Materials such as platinum 
were expensive, but not prohibitively so. As the 
greatest difficulty at the present was being expe- 
rienced with the holding pieces, why could not 
silicon carbide (“I.C.” material) be used also for 
the holding pieces as well as the blades? If it 
was because of the difficulties of producing 
accurate shapes, perhaps they could be machined, 
and he thought that either spark and ultrasonic 
machining might be used for producing the blade 
recesses. 

Commander Smith (Admiralty) said he had 
only recently been associated with the work, 
which was an Admiralty project, and for all 
Admiralty. work, a high resistance to mechanical 
shock was required (near misses, &c.), and so 
the brittleness of the material was of some 
concern. 

Mr. O. Rafique (Pametrada) understood that 
Morgans now had other materials not specifically 
mentioned in the paper, which were very promis- 
ing, and he would appreciate any information 
that Dr. Blakely could give him. 

Mr. J. Milburn (Pametrada) thought that the 
fact that ceramics, whilst being poor in tension, 
were good in compression, should be utilised 
more in design. Would it perhaps be possible 
to prestress the blades in a similar fashion to 
concrete ? Perhaps another approach might 
be to have a composite blade with graphite 
being used as the inner core and strength member 
with a continuous metal sheath on the outside 
to prevent oxidation. 

Dr. Blakely replied that a continuous integral 
ting of blades could not be used because 
it would not remain as one piece for very long. 
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Graphite was certainly a very promising Material 
if only it could be protected from Oxidation, 
The paper was not the end of the story : work 
was still being carried out and they expected { 
produce better and better materials as the 
research was extended. Among specimens he 
displayed was one of the latest, which was of 
graphite with a silicon carbide coating to prevent 
oxidation. This might be very promis 
Work was also being done on ‘“‘cermets,”’ \ here the 
combinations and permutations were j 

and time was the most important factor. Much 
was also being done on perfecting alternative 
manufacturing techniques as these influenced 
the end product to a marked degree. They had 
tried machining silicon carbide by the ultrasonic 
method and holes could be and had been pro. 
duced ; they had in mind the possibilities of 
spark machining, but had not yet attempied this 
Ceramics certainly had little ductility, but were 
not as fragile as some people would hiave ys 
believe ; they were probably little worse jp 
this respect than cast iron and by a proper 
design approach cast iron was widely used in 
engineering. He stressed the point that design 
should take into account the properties of these 
materials, As for a composite blade with a 
continuous metal sheath, there again the problem 
was one of oxidation, for few metals would stand 
up to the temperature. 

Mr. Darling replied that they had decided 
on 2200 deg. Fah. as that temperature 
gave greater overall thermal efficiency and made 
it worth while. Anything much lower would 
hardly be worth while. The aircraft industry 
were Carrying out research at lower temperatures 
where their requirements were different and he 
thought that work at 2200 deg. Fah. fitted into 
the overall picture. As the ultimate was a multi- 
stage turbine he did not think they were being 
too ambitious in attempting in the first place a 
single-stage design. He also said that a complete 
ring of blades would rapidly break up into pieces 
due to thermal stresses. As for sealing, he agreed 
to take this up with Mr. Terrell at a later date. 
Regarding the brittleness of the material, this 
had been tested on an Admiralty shock testing 
machine which was designed to produce accelera- 
tions of 20 or 40g. In these tests the trouble 
was the holding pieces, which always broke. 
The “cermet” blades all withstood the 
tests, and three out of four silicon carbide blades 
had also survived despite the disadvantage of the 
inadequate holding pieces. However, he expected 
this to be overcome. Morgans had recently 
delivered new holding pieces in “Triangle Silli- 
manite,” which incidentally had not yet been 
tested, and these should prove to be much 
stronger. Also, they were not relying entirely 
on ceramics for the holding pieces, but were 
actively pursuing development of cooled metal 
holding pieces. Incidentally, these could be 
made in such a fashion as to eliminate most of 
the leakage. 





SHIPBUILDING CONFERENCE STATISTICS.—According 
to statistics issued by the Shipbuilding Conference, 
143 ships of 1,210,000 gross tons were ordered from 
the United Kingdom yards in the fourth quarter of 
1956, to bring the orders for the year up to 365 ships 
of 2,475,000 gross tons, and the total order book to 
865 ships of 6,442,000 gross tons. Of the orders 
placed during the year 30 per cent were for foreign 
account, while of the total order book the corre 
sponding amount was 22 per cent. The 1956 orders 
included various classes of tonnage in the following 
proportions : oil tankers, 45 per cent ; cargo vessels, 
37 per cent; passenger and passenger cargo, 7 per 
cent; ore carriers, 7 per cent; and other ships, 
4 per cent. 


CONTROLLED STRETCHED PLaTes.—Controlled 
stretched “‘Duralumin” plates, which were previously 
available only from the United States, are now being 
manufactured by a process developed by James 
Booth and Co., Ltd., Argyle Street Works, Birming- 
ham, 7. Several such plates have been supplied to a 
British aircraft constructor, the largest being 25ft 4in 
in length by 2ft 8in wide by 2in thick and weighing 
1880 lb each. They were manufactured by a special 
process, combining both forging and rolling opera- 
tions, to ensure uniform mechanical properties and 
the avoidance of core effect, and all were subject 
to the controlled stretching operation. This elimin- 
ates the internal stresses set up by heat treatment and 
permits the plates to be machined without subsequent 
distortion. 
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Education and Training of Naval 
Architects and Marine Engineers 


oO’ Wednesday, February 6, in the Weir 
Lecture Hall, 10, Upper Belgrave Street, 
London, S.W.1, a symposium on “The Education 
and Training of Naval Architects and Marine 
Engineers” was presented before a joint meeting 
of the Institution of Naval Architects and the 
Institute of Marine Engineers. Five papers 
were read and were entitled as follows :—‘“ A 
New Deal for Naval Architects in University 
Education and a Few Related Professional 
Questions,” by Professor E. V. Telfer, D.Sc., 
Ph.D.; “ University Education and Training of 
Naval Architects,” Part I, by Professor A. M. 
Robb, D.Sc., and Part II, by Professor L. C. 
Burrill, M.Sc., Ph.D.; ‘‘ The Selection, Educa- 
tion and Training of Officers for the Royal Corps 
of Naval Constructors,” by Professor S. J. 
Palmer, R.C.N.C.; “Training of Engineer 
Officers in the Royal Navy,” by Captain I. G. 
Aylen, R.N.; and “ The Training of Engineers 
for the Merchant Navy,” by Dr. S. F. Dorey, 
F.R.S. The papers are summarised below. 

In the first paper Professor Telfer comments 
that since it was in 1936 that Mr. Lloyd Woollard 
wrote his paper reviewing questions on pro- 
fessional education, a further discussion on the 
problem is opportune, more particularly 
to-day, when the emphasis, both at home and 
abroad, is upon technological education. 
Examples from the report, published in 1939, of 
the special committee which considered the 
issues raised are quoted and, with regard to the 
reference to post-graduate scholarships, it is 
brought to notice that the British shipbuilding 
industry has never directly financed a research 
scholarship in naval architecture. Contrary to 
the report, the paper claims that the universities 
with faculties of naval architecture are liberal 
in outlook, and regrets that the number of 
university trained men who. could be absorbed 
by the industry was put at such an unrealistically 
low figure. The attitude expressed on these 
points is stated to discourage recruitment to 
the industry, and the paper rebuts the opinion 
that while specialists are readily available, men 
of wide outlook are scarce. 

Evidence is produced to refute the com- 
mittee’s statement that the industry was not 
getting results from research scholarships, and 
the suggestion made that the reasons why so few 
research scholars stay in the shipyards should be 
established. Despite the scholarships which 
make the university available to many young 
men the number of entries is described as poor, 
and the reason put forward is that the financial 
gain is not commensurate with the effort 
expended. Another possible reason is thought to 
be the almost unrestricted granting of County 
Council scholarships: the position raises the 
question whether the Institution’s scholarships 
should be discontinued or restricted to the 
children of members. A general solution to the 
problem is advanced on the general lines of the 
Shipbuilding Employers’ Federation’s scheme, 
and a footnote gives brief details of the Norwegian 
method of financing university students. 

The widely different standing of the industry 
in war and in peace is underlined: with the 
current heavy demand for ships the industry has 
the opportunity to assure its future by recruiting 
staff of high quality. Attention is drawn to the 
anomaly of the number of professors of naval 
architecture, in that, although we are a leading 
shipbuilding nation, other countries require 
Many more times the number required to train 
men in this country. Such a position is thought 
to discourage students, although the challenge 
of other countries is obvious. 

The paper suggests that additional professors 
should be found and new schools of naval archi- 
tecture founded, say, at Belfast, Dundee, London, 
and Cambridge, each with its own individuality 
and specialised teaching suited to its position. 
The actual means of teaching receive attention 
and, arising from the difficulties noted, it is felt 
that an international conference of professors 
should be sponsored by the Institution so that 


the pooling of experience should resolve peda- 
gogical problems, including the major one of 
** putting over efficiency,” and result in a standard 
presentation of first principles, perhaps in the 
form of loose-leaf tutorial treatment. Other 
methods of streamlining the speed of presenta- 
tion of subject-matter are outlined as a means 
of accommodating the expanded curriculum. 
Agreed basic notes should lead to attaining a 
similar position with regard to advanced branches 
of the subject, and this in turn leads to the 
necessity of the conference resolving the problem 
of how the teachers are themselves to be trained. 

After commenting that at present the industry 
offers no professional protection, some remarks 
are made upon the question of research and the 
thought is advanced that although the British 
Shipbuilding Research Association is in being, 
each shipyard should have its own properly 
organised research department and a research 
director as a member of the board. Such a 
department should examine everything, ranging 
from product analysis to labour relations, and 
the thought is expressed that its existence should 
have effects which must permeate throughout 
the whole of the shipyard. Appendices to the 
paper include the report of the Committee on 
the Education, Training and Employment of 
Youths and Apprentices for the Executive 
Grades of the Shipbuilding Industry, and graphs 
showing the variation of numbers of shipbuilding 
students at Trondheim University compared 
with those at Durham University. 

In Part I of the second paper, Professor Robb 
describes the method of entry into the University 
of Glasgow and sets forth the hours allocated 
to the various subjects studied in each year of 
the four-year course. Other matters are di 
such as the “* sandwich system,”’ the origin of the 
two-term system at the university, and the ques- 
tion of pre-university practical training, par- 
ticularly that of spending one year in a shipyard 
before going to a university, which the Clyde 
shipbuilders apparently support. Four major 
requirements for a good naval architect are set 
forth by Professor Burrill in Part II of the paper, 
namely, an understanding of fundamental prin- 
ciples ; a comprehensive knowledge of ship- 
building practice ; shipyard experience; and 
the right attitude of mind for attacking problems. 
The degree course in naval architecture at King’s 
College, Newcastle upon Tyne, is analysed in a 
tabular statement. Professor Burrill outlines 
his ideas on practical training, which, in effect, 
ensure that theoretical and practical training 
advance together. The value of National 
Certificate and Diploma courses is pointed out, 
and records of the number of certificates awarded 
during recent years are listed. 

Professor Palmer, in his paper, briefly reviews 
the history of the training of naval constructors 
and gives details of the various sources of recruit- 
ment. These include apprentices in H.M. dock- 
yards ; sub-lieutenants at R.N.E. College, Man- 
adon; university graduates in mechanical 
science or engineering ; apprentices in private 
shipyards and graduates in naval architecture ; 
and boys at public and grammar schools. The 
paper deals with preliminary training before 
joining the Royal Naval College, Greenwich, 
and goes on to give in broad outline the scheme 
of teaching. Present-day lack of suitable candi- 
dates for entry to the College is thought to be the 
result of changes in the national education 
system, which has affected the entry of 
apprentices, while graduates are daunted by 
the prospect of three additional years of academic 
training. To solve this problem of recruitment 
the Admiralty, it is recorded, has amended 
conditions of entry of student apprentices and 
instituted a system of direct entry from public 
and grammar schools of boys of the educational 
standard required for entry to a university. 

With regard to the training of the Royal 
Navy’s engineer officers, Captain Aylen comments 
upon the change in the officer structure, which 
offered better prospects for engineer officers, and 
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goes on to set forth the duties of “‘ General List ” 
engineer officers. Following remarks upon the 
organisation of technical and general administra- 
tion, the sources from which engineering officers 
are drawn are outlined, 

In the final paper, the five principal systems of 
training engineers for the Merchant Navy are 
detailed : they range from the normal five years’ 
apprenticeship, with varying degrees of technical 
training, to the independent schemes of particular 
ship-owning companies. Dr. Dorey makes some 
general comments upon each, raises several 
questions about the actual training in reference to 
what is required of an engineer, and suggests 
that complicated modern machinery demands 
more theoretical knowledge. Another point 
put forward is that arrangements should exist 
whereby a man with a Higher National Certificate 
can proceed to take a degree course. In addition 
to general training it is suggested that some know- 
ledge of electrical machinery and of refrigerating 
and air-conditioning plant would be of advantage 
eventually since a chief engineer is responsible 
for all the machinery on board. The paper also 
advocates short refresher courses, to bring the 
engineer’s knowledge up to date, and lectures 
upon the economics of ship operation, so that he 
may better appreciate the ship-owner’s problems. 


Oxygen-Cutting Equipment for Ship’s 
Deck Beams 

Oxy-ACETYLENE Cutting equipment is widely 
used in ship repair work, and particulars have 
been received from British Oxygen Gases, Ltd., 
of an interesting adaptation of one of its cutting 
machines to overcome a difficulty in tanker 
repairs at the yard of Smiths Dock Company, 
Ltd. Some time ago, in repairing an all-welded 
tanker, this firm experienced undue delays as a 
result of the time taken in cutting out the longi- 
tudinal beams welded to the inside of the decks. 
These beams have to be replaced periodically 
when overhauling tankers, as they are subject to 
a high rate of corrosion. The delays were incurred 
owing to the confined working space and the 
presence of toxic fumes set up by flame cutting, 
which considerably restricted the working periods 
of operators cutting out the beams with manual 
equipment. In the ship concerned it was only 
by constant supervision and the introduction of 
extra ventilation that the cutting out and beam 
replacement work was finished simultaneously 
with the remainder of the repairs. 

When a second similar vessel was due in for 
repairs a machine was developed for the 
work. It was basically a standard B.O. 
portable straight line, electrically-driven, cut- 
ting equipment, fitted with a lengthened cutter 
and a specially curved nozzle to enable a hori- 
zontal cut to be made as close as possible to the 
underside of a ship’s deck. The tractor of the 
equipment was arranged to run on a channel 
section which was temporarily supported by 
tack welds to adjacent bulkheads. 

With this equipment the operator was able to 
stand a few feet away from the point where 
cutting was in progress and well clear of the 
fumes. Two men worked with the equipment, 
one controlling the machine whilst the other. 
positioned on the other side, watched the pro- 
gress of the cut and kept the operator informed. 
The operator had to make occasional adjustments 
to the cutter whilst work was in progress as a 
certain amount of deflection occurred in the 
cutting jet due to the unevenness of the fillet 
bi on each — of the beams. 

ts were taken very close to the horizon 
surface of the deck plates, and we are rene i 
that at least 50 per cent of the weld build-up was 
removed by the flame cutter. The smooth finish 
and close cut attained by the method enabled 
new beams, when fitted, to be set closely against 
the deck plates without need for chipping or 
other levelling work. The makers of the cutters 
say that the high speed of cutting out of hori- 
zontal deck beams by this equipment and its 
successful results have prompted further investi- 
gations into the possibility of developing the 
process for vertical cutting purposes. One of 
these deck beam cutting equipments will be 
shown at an exhibition of plant to be held at the 
pa ge ag Oa a 
- eet, Co. am, fri 
19 to February 22 next. a a 



































































































Letter to the Editor 


(We do not hold ourselves responsible for the opinions of our 
correspondents.) 


GEORGE JACKSON CHURCHWARD 


Smr,—May I express regret at the syrup- 
and-saccharine flavour of your leader on 
this subject ? In some places it would not 
call for comment, but in a reputable journal 
such as THE ENGINEER the centenary of 
Churchward should either be commemorated 
with something realistic or left unmentioned. 
To say that his career “is a story in itself” 
is true, abrasively trite and quite undistin- 
guishing. It is a remark that can be made 
about anyone (behind his back), and if it is 
pushed out as a main plank in Churchward’s 
claim to fame, his case is poor indeed. To 
say that the tapered boiler was one of Church- 
ward’s great contributions (or a contribution 
of his at all) to locomotive engineering is 
simply incorrect. The tapered boiler had 
been in regular use in America for years 
before Churchward tried one. To write of 
the “amazing capacity” of the tapered boiler 
is an indication only of the writer’s capacity 
for being amazed. To write of the capacity 
of the tapered boiler at all suggests falsely 
that the capacity is associated with the taper. 
The only virtue of the taper is that it saves 
weight at the front end. Is there any evidence 
that it gives a greater evaporative capacity 
than the same boiler would have with full 
diameter at the front end ? Perhaps Church- 
ward’s major distinction was that, in his 
position of Chief Mechanical Engineer, he 
never adopted any locomotive design feature 
that had not been thoroughly tried by some- 
one else. It may be true that “ Churchward’s 
work at Swindon proved a fount of inspira- 
tion for locomotive engineers in many parts 
of the world,”’ but what is certainly true and 
much more to the point is that Churchward 
had previously relied on the working of the 
said fount in the opposite direction. 

Churchward’s really venturesome experi- 
ments (many unsuccessful) were limited to 
the time when Dean was above him to take 
the responsibility. This shows shrewd 
commonsense, which is as much a cause for 
admiration as anything else. During his 
period in full charge at Swindon, Church- 
ward’s only venture with a major project 
on to ground that had not been previously 
well trodden by others was with the “‘ Pacific ”’ 
“‘ The Great Bear.”’ This was not a success. 
To read of carrying “‘ the banner of Church- 
ward triumphantly from Euston to John 
O’Groats”’ suggests the gush of an old 
Hollywood trailer-writer rather than an 
intelligent appreciation of solid achievement. 
What would anyone do with a banner at 
John O’Groats ? 

Some little time ago an apparently reput- 
able journal gave some figures from power 
output tests on a “ King” class locomotive. 
A headline said “1400 D.H.P. Indefinitely ”’ 
without the remotest approach to justification 
in the test results. The editor’s defence was 
that the headline was a statement by Swindon, 
and he seemed to regard that as a full justifi- 
cation. Would the “ Old Man” have loved 
this sort of blarney ? Is this one of the ways 
in which his spirit lives on ? Why does 
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Swindon and its works so frequently make 
admirers goofy and goggle-eyed ? Is it 
because only those with tendencies in that 
direction fall readily under some mystic 
spell ? Are they all feminine ? 


W. A. TUPLIN 
Sheffield, 
February 11, 1957. 
Literature 
A.C. Switchgear: Vol. I, Survey of 


Requirements. J. R. MoRTLOCK. Chap- 

man and Hall, Ltd., 37, Essex Street, 

London, W.C.2. Price 50s. 
FoRTY years ago a student consulted his 
Professor as to appropriate subjects to be 
studied with a view to a career in supply 
engineering. The great mah dismissed the 
subject of switchgear somewhat cursorily by 
remarking : “ You can pick up all you need 
to know with.a fortnight’s work in a switch- 
gear factory.” How far switchgear engineer- 
ing has progressed in the intervening forty 
years is well shown by the present book, 
which requires some 380 pages to survey the 
requirements which switchgear has to meet 
on modern a.c. systems, leaving the design 
and construction of switchgear to meet these 
conditions to be dealt with in a second volume. 
Modern appreciation of the basic phenomena 
associated with system parameters and circuit 
breaker characteristics makes it clear that 
switchgear cannot be designed and applied 
haphazardly. It is, in fact, necessary that a 
switchgear designer should have a full under- 
standing of the electrical characteristics of the 
system on which his gear will be used, if a 
clearance of system faults as well as the 
normal switching functions are to be properly 
carried out by the equipment he designs. 
This change of outlook stems from a great 
deal of work, both analytical and experi- 
mental, following full-scale short-circuit tests 
on American systems and the establishment 
of high power test plants, pioneered in this 
country by the late H. W. Clothier. 

The present volume is, therefore, rightly 
devoted to such system characteristics as have 
a bearing on switchgear design and per- 
formance. Dr. Mortlock, the manager of the 
Power System Engineering Department of 
the British Thomson-Houston Company, is, 
of course, well-known for his many technical 
papers in this particular sphere and the 
volume under review is an authoritative and 
happily condensed résumé of a very wide field 
of study. 

The treatment throughout is of a funda- 
mental nature and while considerable atten- 
tion is naturally given to the higher voltage 
systems, medium and low voltage systems 
are not ignored. The mathematical treat- 
ment is well conceived and requires little 
more than a reasonable knowledge of vector 
algebra for the arguments to be followed. 
Considerable use is made of data tables, 
curves and nomograms, while the worked 
examples introduced freely into the text are 
very helpful. Starting with a résumé of basic 
theory and conventions, the author proceeds 
to deal with the calculation of both balanced 
and unsymmetrical fault currents. The 
treatment of the latter includes a satisfyingly 
concise account of symmetrical component 
theory. Chapters on the limitation of fault 
currents, including methods of earthing 
system neutral points and on instrument 
transformers, follow. A brief account of 
elementary protective gear principles is fol- 
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lowed by a readable and non-mathematica| 
chapter on the fundamentals of ionization 
and arc phenomena. This particular chapter 
is of considerable value in relation to a 
proper understanding of the operation of any 
kind of circuit breaker. A lengthy chapter 
none of which ought to be skipped. deals 
with the all-important matter of res‘riki 
voltages, their determination and their 
influence on circuit breaker perforinance. 
The author discusses single, double and 
triple-frequency circuits and provides :. mass 
of useful information in the form of ¢ harts, 
curves and nomograms. Table 8.2, ziving 
detailed procedure for the solution of six 
types of three-frequency circuits, is particu- 
larly valuable. 

While there is still controversy as to the 
values of r.r.r.v. which should be used when 
testing a particular breaker at a test plant, 
there is general agreement that air-blast 
breakers are particularly susceptible to high 
rates of rise. Some agreement, therefore, 
needs to be reached on this particular point 
when assigning a breaker rating on data 
obtained from a test plant. It is clear, how- 
ever, that conditions in Great Britain require 
a breaker to be capable of dealing with a 
much higher r.r.r.v. than would be appro- 
priate to a breaker to be installed on the 
average Continental system, while some 
margin must inevitably be allowed under 
test plant conditions in order to ensure satis- 
factory operation in service. Much more 
data from calculations, cross-checked by 
system experimental measurements, is neces- 
sary before any final decision can be reached, 
but it looks very much at the moment as if 
for a given voltage and short-circuit rating 
two classes of breaker may be required for 
dealing with “high” and “low” r.r.r.v. 
respectively. It would be of undoubted 
assistance to designers in this country if 
arrangements could be made for testing the 
larger classes of breakers on actual supply 
systems, particularly as regards ability to 
deal with transformer magnetising currents 
and line dropping. Paradoxically, the larger 
capacity breakers are often in greater diffi- 
culties in interrupting these small currents 
than when dealing with full-scale short 
circuits, mainly owing to the high rate of rise 
of restriking voltage and other transient 
phenomena. The encouraging remark in 
the text that “the computation is straight- 
forward but tedious” should certainly 
encourage those engineers handling this 
problem for the first time to make a real 
effort to evaluate the r.r.r.v. of systems with 
which they are concerned. 

The concluding chapter covers most of the 
aspects of insulation co-ordination with 
which the average engineer is likely to be 
includes a _ considerable 
amount of useful information with regard to 
both self-generated and externally impressed 
over-voltages. The characteristics of various 
forms of over-voltage protective devices are 
discussed and there is a thorough treatment 
of the occasionally complex problem of 
transferred surges. The bibliography is 
comprehensive and modern, though the 
index might well have been more detailed, 
having regard to the manifold aspects 
covered by the book. A few minor misprints 
have been noticed and there is unfortunate 
inconsistency in the expression used to define 
the wave shape of a surge. It is a pity that 
when dealing with cable characteristics the 
author did not extend his data (Fig. 2.8 and 
Fig. 2.9) beyond 66kV, at which voltage 
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information is given only in relation to a 
some’: hat out-moded cable design. Although 
the price of the book is high, it is well worth 
its place in the library of any engineer who 
has to deal with system design and switch- 
gear application. Dr. Mortlock’s second 
volume, in which he proposes to deal with 
the principles of switchgear design, is awaited 
with keen interest. 


Relaxation Methods in Theoretical Physics. 
Vol. I. By Sm RICHARD SOUTHWELL. 
Oxford University Press, Amen House, 
Warwick Square, London, E.C.4. 55s. 

THis volume completes the author’s three- 

part account of the results of twenty years’ 

Relaxation Methods. Relaxation Methods in 

Engineering Science appeared in 1940 and 

Vol. I of the present work in 1946 : in spite 

of the change of title, the three form a 

consecutive and coherent whole. This is 

best described in the following extract from 

the Preface to Vol. I: 

‘“* My aim has been to present the under- 
lying theory more consecutively, and in 
fuller detail, than is feasible in a series of 


discrete papers ; to include some description. 


of techniques which have been developed by 
my collaborators’ in the light of gained 
experience ; and to indicate the all but 
revolutionary change of outlook which 
results when Relaxation Methods are sub- 
stituted for “* orthodox ’’ mathematics as an 
ancillary weapon of physical research. Though 
well aware that I set myself an almost 
impossible task in thus attempting to com- 
bine three separate purposes in a single 
work, I have not seen how any one can be 
dispensed with.” 

Sir Richard Southwell has succeeded in 
writing a masterly exposition of the basis 
of Relaxation Methods and provided for 
his successors a definitive record of the 
achievements of the ‘‘ Southwell School.” 
In the nature of his self-imposed task he 
has provided a textbook for teachers and a 
source book for writers of handbooks on 
the application of the technique ; for those 
who are concerned with practical applications 
Professor D. N. de G. Allen’s Relaxation 
Methods (McGraw-Hill, 1954) is much to be 
preferred, but as that specifically disclaims 
the role of reference book, the two works are 
entirely complementary. 

The particular volume under review com- 
pletes the application of Relaxation to 
Biharmonic Problems, which were only 
introduced in Vol. I by the “ biharmonic 
pattern” and “ two-diagram”’ techniques, 
and the latter is extended to stress systems in 
solids of revolution. The author then returns 
to the subject of eigenvalue problems such 
as the determination of the natural fre- 
quencies of vibrational systems and con- 
siderably extends the material, originally 
presented in Relaxation Methods in Engineer- 
ing Science, to more difficult cases, using new 
methods to overcome the special difficulties. 
Non-linear problems, which were also briefly 
touched on in the earlier volume, now 
receive extensive treatment, particularly large 
deflections of plates, viscous flow past a 
cylinder and two-dimensional plastic strain. 
Finally, there is a brief treatment of three- 
dimensional or three independent variable 
problems and the solution of parabolic and 
hyperbolic equations. The real difficulties 
of applying Relaxation Methods to non- 
linear problems—which may, nevertheless, be 
otherwise insoluble—are brought out ; the 
reader is left with the impression that each 
such problem will necessitate the develop- 
ment of a special technique. It is surprising 
that the use of isometric representation for 
three variable problems should have only so 
recently been recognised. 
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The extension of relaxation methods from 
elliptic to parabolic and hyperbolic equations 
appears at best dubious. Elliptic type 
problems (e.g. potential problems) are nor- 
mally and most naturally formulated as 
“* jury ” problems, and in consequence there 
is an immediate application of a relaxation 
treatment. In contrast, parabolic and hyper- 
bolic problems (e.g. unsteady heat con- 
duction and wave problems, respectively) 
are normally and most naturally formulated 
as “‘ marching” problems. The really essen- 
tial feature of the analysis of these latter 
problems is that there is a built-in system of 
natural co-ordinates—so-called characteristic 
co-ordinates—and forward integration 
methods along characteristic directions are 
the natural way to obtain solutions. In 
fact, it is known that existing finite-difference 
techniques are perfectly satisfactory in this 
connection. These techniques- do exactly 
reproduce the essential feature of the relaxa- 
tion method, namely, the replacement of a 
differential system by a finite-difference 
system whose mesh size is gradually dimi- 
nished, at least until the required accuracy is 
believed to have been achieved in a solution. 
Allen’s conversion of a“ marching ” problem 
to a “jury ” problem, has met with consider- 
able adverse criticism from mathematicians. 
Moreover, this conversion raises the order of 
the differential system, and consequently 
considerably increases the computational 
work. It should be added that some of the 
most pressing problems at the present time 
(e.g. in compressible fluid flow and plasticity) 
are of mixed type, and for such problems 
involving unknown internal boundaries, Re- 
laxation Methods do not appear to offer an 
approach at all. 

This would appear to be a suitable time 
to take stock of the overall value of Relaxa- 
tion Methods, especially as Sir Richard 
Southwell has himself remarked (Preface to 
Vol. 1) that “* After years spent in developing 
a particular method, I have no trust in my 
ability to assess other methods impartially.” 
Relaxation Methods are essentially exercises 
in “‘ ordered arithmetic.”” The applications 
made are numerous and impressive in a 
variety of topics in applied research, especially 
as regards elasticity and hydrodynamics. 
Their application is always likely to merit 
serious consideration wherever a solution of a 
specific problem of engineering design is 
urgently required. In such problems, com- 
plications due to awkward variations in 
physical constants and to irregularities in 
the shape of geometrical boundaries, often 
completely preclude an attack by normal 
analytical methods. In distinct contrast, in 
basic research, the outstanding merit of 
relaxation methods of “* cracking ” a problem 
is not generally of much significance. This 
is because purely arithmetical information 
cannot reveal, and in fact often obscures, 
the really important features aimed at in a 
research study. 


Methods of Chemical Analysis as Applied to 
Sewage and Sewage Effluents. Second 
Edition. Ministry of Housing and Local 
Government. Published by H.M. 
Stationery Office. Price 10s. 

THE first recommendations as to the assess- 

ment of the strength of sewages and sewage 

effluents were included in Part V of the Fourth 

Report of the Royal Commission on Sewage 

Disposal, which was published in 1904. In 

1929 Methods of Chemical Analysis as Applied 

to Sewage and Sewage Effluents was published 

under the auspices of the Ministry of Health. 

This book remained a general guide for 

all chemists concerned with sewage treatment 

and for engineers responsible for the design of 
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treatment works. But it has always been 
realised that no perfect test for the strength 
of sewage or its difficulty of treatment has 
been devised and, as time went on, the 
desirability of modifying the tests for the 
various qualities of sewage became evident. 
Accordingly a committee was appointed by 
the Ministry of Health embodying repre- 
sentatives from various government and 
other interested departments, together with 
a number of well-known experts in private 
practice. The committee met on eight 
occasions and has suggested in this publica- 
tion a considerable number of changes in the 
methods of analysis recommended in 1929. 
It has, however, borne in mind the need to 
preserve continuity of practice and results, 
and accordingly has not recommended 
changes except where these appear to be 
clearly necessary. The choice of tests has 
been made so as to allow for the different 
purposes for which analyses are required. 

The contents of the book include a report, 
general recommendations on expression of 
results, methods of sampling, measurement 
of small volumes, and preparation of standard 
solutions and glassware. The main part of 
the book is the section dealing with methods 
of chemical analysis. This includes pre- 
liminary observations to be made by analysts; 
and descriptions of tests for free and saline 
ammonia, albuminoid nitrogen, organic nitro- 
gen, nitrite, nitrate, oxygen absorbed from 
acid permanganate in four hours and in three 
minutes, organic carbon, stability, chloride, 
alkalinity and acidity, pH value, total 
suspended and dissolved solids, dissolved 
oxygen, biochemical oxygen demand, colour, 
sulphide, soluble inorganic and total phos- 
phorus, sulphate, phenols, cyanides, metals 
and anionic surface-active materials. There 
are sections on strength of sewage, approxi- 
mate methods of analysis suitable for small 
sewage works, analysis of sewage sludge, and 
a list of references. 

Of particular interest to engineers is the 
section which deals with the strength of 
sewage, for this evaluates previous methods 
of estimation and makes some tentative 
recommendations as to how the strength of a 
sewage can be estimated. It is pointed out 
that the term “strength of sewage’’ is ill- 
defined, because it can be taken to mean 
either the total weight of oxygen required to 
effect complete biological oxidation of the 
organic and mineral constituents in a given 
volume of sewage, or alternatively, to imply 
difficulty of treatment and, in consequence, 
the capacity of purification plant required. 
The latter is certainly influenced by the total 
oxygen demand, but it is also dependent on 
the speed at which oxidation can take place. 
Therefore any assessment of strength depend- 
ing solely on oxygen required may be mis- 
leading if used to calculate size of purifica- 
tion works. However, in the case of domestic 
sewage containing little trade waste, existing 
methods of analysis are reasonably satis- 
factory. 

Were it practicable, the test for total or 
ultimate biochemical oxygen demand would 
be perhaps the most useful means of testing 
the strength of a sewage ; but as such a test 
takes two or three months to complete, it is 
ruled out for general use. McGowan’s 
formula, as given in the Royal Commission 
Reports, aimed at representing the amount 
of oxygen required to convert the nitrogen 
in the sewage to nitrate plus oxidation of the 
carbonaceous content which reacts with 
permanganate. The former part of this 
formula was theoretical, but the latter 
empiric, and therefore the formula tended to 
be misleading in the presence of appreciable 
concentration of trade waste. The bio- 
chemical oxygen demand test, which is 
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almost invariably used for determining the 
quality of treated effluent, has been the main 
test for the strength of sewage in the United 
States of America, and in Great Britain 
B.O.D. has come to replace strength 
“McGowan.” But again, B.O.D., while a 
fair estimate of the strength of domestic 
sewage, can give misleading results as to the 
design of works in the presence of trade 
wastes having low B.O.D. but containing 
constituents tending to slow down rate of 
oxidation. Moreover, it does not normally 
take into account oxygen required for 
oxidation of ammoniacal and organic 
nitrogen. 

To form a reliable judgment on strength of 
sewage the committee recommends the 
following tests as being the most important : 
(a) ammoniacal and organic nitrogen, (5) 
organic carbon or another test for carbon- 
aceous matter, (c) biochemical oxygen de- 
mand. The first two of these items give a 
measure of the amount of material requiring 
oxidation and the third an indication of the 
speed at which oxidation takes place. 

It is in this matter of just how to determine 
the relation of oxygen demand to rate of 
oxidation, and the effect that these factors 
have on sewage works design, that more 
work remains to be done. But the problem 
is one of difficulty and the committee could 
hardly be expected to make more specific 
recommendations, in view of the- present 
state of knowledge. Broadly, the committee 
can be said to have admirably achieved its 
purpose of modifying previous methods of 
analysis of sewage and sewage effluents and 
of setting standards of practice which will no 
doubt be used for many years. 


Analog-Computer Techniques. By CLARENCE 
L. JOHNSON. McGraw-Hill Book Company, 
Lid., 95, Farringdon Street, London, E.C.4. 
Price 45s. 

Tus is a useful book to those students 

having a knowledge of differential equations 

and basic electronics and proposing to 
operate analogue computers. Some under- 
standing of the composite system is, however, 
also called for. This is rendered necessary by 
the system being described in terms of its 
components. The opening chapter fails to 
describe the overall computer sufficiently in 
general terms. It would have made all the 
difference to the student making his first 
approach. Apart from this, the components 
are simply and clearly explained with 
examples well chosen to show how to set up 
and operate electronic differential analysers. 

At the end of each chapter there are provided 

test exercises by which the student may find 

out whether he has taken in the subject, and 
references to the literature by which to 
expand on the subject. 

The particular advantages and disadvan- 
tages of the various components, such as 
potentiometers, amplifiers and servo-mech- 
anisms, are dealt with. The method of 
setting values up with due regard to the 
magnitudes of the variables and choice of 
time scales and the methods for checking 
back on the results, and the trap to the 
unwary resulting from instability and hidden 
feed-back loops and overload are described 
fairly fully. Integration, differentiation, 
multiplication, division, deriving roots, and 
function generators are described. Non- 
linear functions are examined mostly in 
relation to diodes and differential relays. 
Amongst the applications selected as special 
examples are curve fitting, simultaneous 
algebraic equations and partial differential 
equations. The appendix details the ter- 
minology employed in relation to differential 
equations. There are notes also on automatic 
programming. This is a good introduction 


THE ENGINEER 


to the subject for the engineer wishing to 
operate these computers. 


Electronic Analog Computers. Second edition. 
By GRANINO A. Korn and THERESA M. 
Korn. McGraw-Hill Book Company, Ltd., 
95, Farringdon Street, London, E.C.4. 
Price 56s. 6d. 

Tuts book deals with the same subject as the 

preceding one, namely, electronic analogue 

d.c. computers, but in much greater detail 

and more from an engineering standpoint. 

In fact, sufficient detail is given to make 

possible the design of special-purpose 

analogue computers. Whilst this is perhaps 

a little difficult for the student, it is of 

immense interest to the engineer, both for a 

first reading and as a reference work. 

The second edition has been so much re- 
written that it is practically a new book. It 
has been very thoroughly revised and is up 
to date in its description of the latest 
advances. No engineer with problems to 
solve can afford to be without knowledge of 
the range of tools available for their solution, 
of the form in which the answers are pre- 
sented, and of their proper application in 
relation to other methods, such as desk 
calculators and electronic digital computers. 
The opening chapter gives a broad view of 
computers as a whole and this appraisal of 
d.c. analogue computers appears in graphical 
form. The preface should not be skipped, 
as it outlines the structure of the book and 
is an expanded table of contents. 

The components of these computers have 
been dealt with so scrupulously that it is 
difficult to pick out subject-matter as an 
indication of contents. The book ranges 
from power supplies to output recorders. 
Points of special interest amongst the com- 
ponents include: automatic balancing of 
modulated carrier-type amplifiers by com- 
mutator stabilisation or by photo-electric 
chopper stabilisation with examples drawn 
from a Rand-Reeves computer and the 
Reeves “REAC” computer; multiplier 
circuits based on simultaneous pulse ampli- 
tude and pulse-width modulation ; diode 
function generators, especially in relation to 
generation of functions of several variables. 

Apart from components and circuits, there 
is a broad review of the mathematical rela- 
tions involved, directions for setting up 
values and functions, methods of checking 
proper operation, and automatic programme 
control. The philosophy of design of 
to-day’s computers as providing the equiva- 
lent of working models, i.e. as providing 
much more than an abstract mathematical 
result, is made a prominent feature. The 
complete working computers referred to are 
limited to those current in U.S.A. 

As industrial consultants the authors have 
culled from users many very practical 
examples of specialist uses of these com- 
puters. These are dealt with fully and are 
conveniently listed. Six reference tables 
present various “trick ”’ computer set-ups. 
The book concludes with an excellent index 
and an extensive bibliography. 


THE ENGINEER Buyers Guide 


THE 1957 edition of The Engineer Buyers Guide 
has just been published and one free copy is being 
dispatched by post to all direct postal subscribers. 
Arrangements have also been made for all regular 
readers who buy THE ENGINEER through news- 
agents to receive a free copy, which should be 
delivered to them with the current issue. There 
are now over 31,000 entries arranged under more 
than 2200 classified headings in the “ Buyers 
Guide” section. Any subscriber or regular 
reader not receiving a copy should write to The 
Manager, THE ENGINEER, 28, Essex Street, 
Strand, London, W.C.2. Additional copies are 
obtainable at 7s. 6d. each. Postage 1s. 6d. extra. 
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Technical Reports 


_, Methods Employed for the Determination of Electric 
Power Consumption Forecasts. Geneva : United 
Nations Economic Commission for Europe. Avail. 
able in French and shortly in English and Russian 
editions, from Sales Section of the Europe:::; Office 
of the United Nations, Geneva, Switzerland, or from 
H.M. Stationery Office, P.O. Box 569, Londo, §.E 1 
Price 5s.—The second report just released by the 
Secretariat of the United Nations Ec nomic 
Commission for Europe, “ Methods Emploved for 
the Determination of Electric Power Consuni, tion,” 
touches a question of importance for each country : 
how to define with precision the progiammes 
for power stations, for transmission networks and 
for distribution, in order that needs can be 
met with minimum equipment. Also such fore- 
casts affect the choice of the source of energy 
to be developed. Despite the difficulties of fore. 
casting and its uncertainty, it is possible to bring 
out tendencies and define certain ranges within 
which consumption is likely to develop. in the 
introduction of this report on the forecasting methods 
used in nearly all Eastern and Western European 
countries, the Secretariat recalls that consumption 
will depend in part on the production facilities 
available and, so far as home consumption is con- 
cerned, by a certain flexibility in price relationships, 
The report does not intend to bring out the best 
methods used, but rather to establish an inventory of 
methods currently employed in order to give all 
countries elements for comparison and to furnish 
useful information to the less industrialised countries, 
The country-by-country review of methods shows 
that many countries employ several methods simul- 
taneously. 


_ Metal Statistics, 1946-1955. Forty-third annual 
issue. Published by Metallgesellschaft Aktiengesell- 
schaft, Reuterweg 14, Frankfurt/Main : Free 
on application.—A Compilation of Metal Statistics 
was first published in 1893. The present edition 
was issued last year, the year in which the 
Metallgesellschaft concern celebrated its seventy- 
fifth anniversary, and marks this fact by pre- 
facing the main body of statistical tables by 
a historical summary of the development of 
non-ferrous metals. The main body of tables covers 
production and consumption thtoughout the world 
of aluminium, lead, copper, zinc, tin, cadmium, 
magnesium, nickel, mercury and silver. For each of 
these metals the information is arranged according to 
countries and continents ; the final section deals with 
prices. 


Organisation of Electric Power Services in Europe. 
Geneva : United Nations Economic ission for 
Europe. Available in French and English editions 
from the Sales Section, European Office of the 
United Nations, Geneva, or from H.M. Stationery 
Office, Box 569, London, S.E.1. Price 3s.— 
The manual gives information on the manner in 
which the electric power services are organised in 
nineteen Eastern and Western European countries, 
covering the organisation of government services, 
of private or national interests and of associations of 
such undertakings. Information is also furnished on 
certain bodies connected with research and publicity. 
Another part of the manual reports on inter-govern- 
mental and non-governmental organisations con- 
cerned with European electric power. 


Books Received 


Mathematics is Easy. By D. S. Watt. Princes 
Press, Ltd., 147, Victoria Street, London, S.W.1. 
Price 48s. 

Automation and Social Progress. By S. Lilley. 
Lawrence and Wishart, 81, Chancery Lane, London, 
W.C.2. Price 21s. 

The Plastic Methods of Structural Analysis. By 
B. G. Neal. Chapman and Hall, Ltd., 37, Essex 
Street, London, W.C.2. Price 45s. 

Power System Communications. Edited by 
E. Openshaw Taylor. George Newnes, Ltd., Tower 
— Southampton Street, London, W.C.2. Price 

% 


Irrigation Engineering: Vol 2, Projects, Conduits 
and Structures. By Ivan E. Houk. man and 
ray Ltd., 37, Essex Street, London, W.C.2. Price 


Vibration Analysis Tables. By R. E. D. Bishop and 
D. C. Johnson. Cambridge University Press, 
Bentley House, 200, Euston Road, London, N.W.1. 
Price 10s. 6d. 


Dynamics of Machinery. By James B. Hartman. 
McGraw-Hill Publishing Company, Ltd., McGraw- 
Hill House, 95, Farringdon Street, London, E.C.4. 
Price 56s. 6d. 

Contemporary Physics. By C. F, Von Weizsacker 
and J. Juilfs. Hutchinson’s Scientific and Technical 
Publications, 178-202, Great Portland Street, London, 
W.1 = ~Price 18s. 
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Firth of Forth Road Crossing 


Two alternative schemes for the construction of a road crossing of the Firth of 
Forth, close to the existing railway bridge, were last year the subject of a Govern- 


mental inquiry. 


This article describes the two schemes ; it does not aim at 


comparing their relative merits, but simply at giving a description of each of them. 


LTHOUGH road construction on a national 
Ai scale has, for all practical purposes, been 
at a standstill since 1939, plans for a national 
network of motor roads have been in existence 
for many years, and a number of important river 
crossings have been studied. In fact, long-span 
suspension bridges have been designed for several 
major crossings, such as the Severn, the Humber 
and the Forth. And for the Forth crossing an 
alternative proposal of an original nature, for 
the construction of a tube supported on piles 
above the river bed, has been put forward. Last 
year the Government appointed a panel of 
engineers to investigate the relative merits of 
these two schemes—the “ tube” and the bridge 
—which had both been designed to provide a 
road crossing close to the well-known railway 
bridge. As a result, it has now been decided to 
adopt the suspension bridge scheme when the 
crossing is actually built. However, the alterna- 
tive scheme is one of special originality, and its 
general principles might well be applied to some 
other site in the future ; further, considerable 
interest was aroused by the panel’s report, and by 
their various reasons for preferring the bridge. So 
we give here a description of both schemes. The 
two are described together as a matter of interest, 
but not in an attempt at comparison. In con- 
clusion, we summarise briefly the events and 
opinions which led up to the adoption of the 
suspension bridge design. 


UNDERWATER CROSSING 


The basic idea behind the so-called tube 
scheme consists of constructing, in a dry dock, 
completed sections of the reinforced concrete 
“tube” or subway, each with twin carriageways 
and ventilation ducts; they would then be 
floated out into position, in the manner of the 
“trench” tunnels which have been built in 
Holland and the United States, but instead of 
being sunk into a trench excavated in the bed of 
the river, as in these earlier examples, each sub- 
way section would be lowered into a position 
below the river surface, but above the river bed, 
and then held by large-diameter piles of a special 
kind, which would be driven through guides 
built into the section. The accompanying draw- 
ings and the ensuing description show in greater 
detail how this would be achieved, but before 
passing on to this more detailed description, the 


special reasons for the design should be noted. 
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Fig. 1—Diagrammatic section across the Forth, show- 
ing the position of the six monolithic ‘‘ tubes ”’ of 
the proposed underwater crossing 


The river bed is too deep and the bed materials— 
mud overlying boulder clay and rock—are too 
unfavourable to countenance normal tunnel 
construction in economic competition with a 
bridge, or even to encourage the “ trench” 
tunnel method already referred to. . There is also 
a deep gulley in one section of the river bed, 
which would obviously rule out the trench 
tunnel method. The scheme envisages crossing 





this gulley with a 700ft long section of subway, 
which would be carried by clusters of piles at 
each end, and would span the deepest part of 
the river bed as a beam. Fig. 1 shows the general 
layout. The scale of the work would be con- 
siderably larger than that for the “ trench” 
tunnels just referred to. The longest tunnel 
sections so far used on these projects had lengths 
of 278ft (La Salle Street, Chicago), and 300ft 
(Elizabeth River crossing, Norfolk, Va); the 200ft 
sections of the Maas tunnel, Rotterdam, dis- 
placed 13,500 tons, as against the 40,000 tons 
of the 700ft section considered here. 

The approach works—including ramps and 
embankments—leading to the main structure 
would be of orthodox construction, but involving 
some heavy steel-sheet-piled cofferdams. The 
crossing itself would consist of six monolithic 
sections of reinforced concrete, of the form shown 
in cross section in Fig. 2. Their total length 
would be 3800ft, and the longer sections would 
be 700ft long, with cross-sectional dimensions 
of about 88ft by 27ft. The four main openings 
within the cross-sectional shape would be for 
two carriageways and for two ventilation ducts. 
Each monolith, as can be seen, would be of 
substantial strength, being of massive reinforced 
and prestressed concrete construction ; its total 
weight would be approximately the same as that 
of the water it displaced. Construction would 
be undertaken in a dry dock or in a cofferdam 
on the shore, and the completed monolith would 
then be floated out into position. One end would 
then be butted against the previous section, and 
the other end temporarily supported until the 
piling was completed. 

Various steel fixtures would be built into each 
section during the shore assembly, including the 
jointing details, described below, and crane 
rails along the top for the piling gantry. Light 
steel tubular sheaths would be concreted into the 
structure as guides for the piling. The temporary 
works undertaken at this stage would include 
steel bulkheads at each end, and steel access 
shafts. The concreting work would be of a 
repetitive nature, carried out by the dry dock 
plant under conditions most favourable for 
consistent quality and speed of execution. At 
the stage of floating out, the section would carry 
about 300 tons of gravel ballast, small force 
pumps, grouting pans, an air compressor and 
lighting. 

In positioning a section of the “tube” the 
first stage would involve the emplacement of a 
submarine tower to support the “loose ”’’ end 
of the new section. The tower would consist 
of steel pontoon base members, uprights and 
an adjustable cross girder. The tower would be 
towed out in suspension from two pontoons and 
then lowered by the pontoon winches into exact 
position. After lowering it would be bedded 
upon the sea bed with a load of kentledge greater 
in amount than the calculated maximum working 
load. 

The adjustable girder operated by winches at 
the top of the tower would then be raised the 
desired height and the kentledge removed. This 
placing of the submarine scaffold tower would be 
done some weeks in advance of the floating out 
of the subway section. The same tower would be 
used in the erection of each of the subway 
sections in succession there being six uses antici- 
pated. The technique employed here would be 
very similar to that used in planting sea forts 
during the war and in planting the offshore 
drilling towers for boring work under the sea 
bed for the National Coal Board. 

Water having been admitted into the dry dock, 
four small pontoons provided with deck winches 
and 100-ton lowering wire rope tackles would 
be attached to each corner of the subway section, 
which would then be towed out under the control 
of the pontoons and brought into position ready 
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for fixing just before low water of a neap tide. 
The subway section would then be lowered to its 
exact depth below water by the pontoon winches. 
and one end towed so as to float just a few inches 
clear above the cross girder in the tower. 

The junction of the other end to the previously 
fixed part would be effected in three movements. 
The first movement is to draw the steel tapered 
prong projecting from the centre of the floating 
face into the hole provided for that purpose in 
the centre of the stationary face. This move- 
ment brings the projecting steel peripheral rings 
on the floating face into very close proximity to 
the asphalt insert on the stationary face, as 
shown in Fig. 3. The second movement is per- 
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Fig. 2—Typical cross-section of a ‘‘ tube ”’ in position 


above the river bed. The pile guides and piling gantry 
are shown 


formed by men inside the floating section, who 
by opening the force pump valves admit water 
under high pressure at the back of the rubber 
sealing ring which slides in the annular slot 
between the two steel rings. This has the effect 
of pressing the rubber ring into contact with the 
asphalt insert on the opposite face. The final 
movement is initiated by someone inside the 
stationary face opening a large water valve in the 
steel bulkhead. The immediate effect is to reduce 
the pressure between the stationary and floating 
faces to atmospheric and to bring into action an 
axial force of 3000 tons which drives the steel 
knife edges of the peripheral rings and embeds 
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them 4in deep into the asphalt insert block 
opposite. 

Of the three movements above described, 
number one may take half-an-hour but numbers 
two and three a matter of seconds only. The 
joint between the sections is maintained by the 
force of 3000 tons (hydrostatic), the steel prong 
providing shear strength, and the steel ring 
embedment providing perfect water-tightness. 
After the junction has been effected the outer 
end of the floating section is lowered a few inches 
to rest on the tower girder, the four supporting 
pontoons are cast off, and the opposing bulk- 
heads on either side of the newly-made joint are 
removed by men working inside the subway. 
The last subway section would rest on a special 
seat, built into the shore cofferdam, instead of 
on the tower described above. Fig. 4 shows 
construction at this point and also a typical cross 
section of the approach lengths built. in the 
cofferdam. 



















































** GAMBIA ” CAISSON-PILES 


The stage would now have been reached for 
constructing the piling which would form the 
permanent support for the subway section. The 
form of piling is novel and is an inherent part of 
the design, and so is worth describing in some 
detail. The “ Gambia ” caisson-pile is so called 
because piles of this kind, built in reinforced 
concrete, have been used in constructing a wharf 
at Bathurst in Gambia. In this case, however, 
the piles would be of steel, each one being a 
steel tube 3ft in diameter, open at the top and 
closed at the bottom by a heavy steel and con- 
crete point. The piles would be driven by an 
internal drop-hammer, of cylindrical ‘form, 2ft 
in diameter and weighing 10 tons, which would 
strike the bottom of the pile at each blow. 
Extra lengths of tube would be added on to the 
pile as needed to reach a given set and, finally, 
the pile would be filled with reinforced concrete. 
Thus, if the steel shell eventually rusted away, 
the piles would still have adequate strength. 

Fig. -2 clearly shows how piling would be 
carried out from the gantry and derrick running 
on rails along the top of the subway section. 
Lengths of steel tube would be floated out and 
pitched by the derrick into the steel-lined sheaths 
in the subway. A sliding fit would be made in 
the sheath, the space between the pile and the 
sheath ultimately being grouted. Burning-off 
the steel pile tops above the top of the subway. 
section would be the only operation throughout 
all the construction needing divers. 

The piles would be driven in five rows, viz. 
two rows of slightly inclined piles through the 
outside edge of the section ; a vertical row in 
the centre rib, and raking piles, disposed in the 
mid-rib in pairs, to resist side thrusts from 
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either direction due to currents. The piles would 
be concentrated at each end of the section where 
the gulley is crossed. 

The Gambia pile was developed for application 
in jobs where foundations have to be taken down 
to considerable depths—exceeding, say, 60ft— 
through water and soft mud, or some such com- 
bination of conditions. They are considered to 
have distinct advantages over alternative methods 
which can be used in these circumstances. 
Ordinary pile-driving practice can be extended 
simply to much larger sizes than would otherwise 
be practicable, it is considered, by the expedients 
of the hollow tube, which reduces the weight to 
be driven and, by driving from the toe, which 
applies the blow where it is needed, and where 
energy lost by “ spring” in the pile is reduced. 
The consultants have carried out a comparative 
analysis of a “‘ Gambia ”’ pile 100ft long and 30in 
in diameter and a reinforced concrete pile of 
similar dimensions. Under the particular con- 
ditions investigated it is considered that the 
“* Gambia” pile would take a working load of 
200 tons, as against 63 tons for the r.c. pile ; 
generally, the “‘Gambia” pile is considered 
superior to the r.c. pile for very long lengths for 
the following reasons: (a) it costs no more ; 
(b) it has about three times the carrying capacity ; 
(c) it is much lighter, and hence easier and faster 
to drive, and can be driven easily at a rake. 

The foregoing gives a general outline of the 
proposed method for the subway scheme. The 
design of this scheme has been carried out by the 
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consulting engineers, Messrs. G. A. Maunsell 
and Partners. We now turn to the suspension 
bridge design. 


FORTH SUSPENSION BRIDGE 

Although actual construction of any large 
suspension bridge has not yet been carried out 
in this country, the design of these structures is 
well understood and follows along generally 
established lines. In fact, several impressive 
designs have been prepared over the past few 
years, but their execution has been frustrated by 
economic adversity. The Forth road bridge 
has a familiar history in this respect, for it was 
first considered in 1926. The present design 
involves a bridge with a main span of 3300ft, 
utilising a site known as Macintosh Rock, the 
Rock itself being used to carry one of the main 
piers. The design of the bridge is illustrated in 
the drawings, Figs. 5 and 6. Extensive studies 
were carried out a few years ago on the aero- 
dynamic stability of the Severn bridge design.* 
The Forth bridge will have almost the same main 
span as the Severn bridge, and it makes use of 
the results of the Severn bridge investigation, a 
general similarity in the two designs being 
apparent. Some further information on the 
Forth design is given below, abstracted from a 
paper, ““ The Forth Road Bridge Scheme,”’ given 
by Mr. J. K. Anderson at a meeting of the Scot- 
tish Branch of the Institution of Municipal 
Engineers on April 5, 1955, details having been 
brought up to date where necessary. 

One of the major decisions for the bridge at 
the site of the Macintosh Rock was to increase 
the span of the bridge from 3000ft to 3300ft. 
The main result of this decision was to bring the 
main south pier into shallower water. This 
increased span is very close to the span of 3240ft 
decided on for the Severn bridge. Thus, besides 
associating the aerodynamic research work for 
the two bridges, it has been found possible to 
design certain of the details on very similar lines. 
The anchorages and main towers will be quite 
different, but the stiffening trusses will be of 
similar design. 

In a bridge of this size it is not only necessary 
to consider the design and constructional work 
involved, but also the way in which such a new 
road connection will affect the existing road 
system on each side of the crossing. In planning 
and obtaining powers for this project allowance 
has been made for about 6 miles of new roads on 
the north side of the river and 4 miles on the 
south side. Working from south to north, the 
main bridge consists first of an approach viaduct 
1300ft long, then the south suspended side span 
of about 1440ft, the main span of 3300ft, the 
north suspended side span, which is the same as 
the south, and the northern approach viaduct, 
which will be about 730ft long. 

Already about seventy boreholes have been 
sunk to assist in the preparation of the details. 
The main piers and anchorages will be the first 
portions of the bridge to be built. It is probable 
that the north pier will be constructed directly 
on the rock by using an open caisson. At the 
*See THe ENGineer, March 7, 1952 
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Fig. 5—Elevation of proposed suspension bridge, with a main span of 3300ft, to be built across the Firth of Forth at the Macintosh Rock site 


south pier it is planned to take the foundations 
by means of cylinders to the rock. In plan, the 
piers will be about 168ft long and 30ft wide. The 
details of the anchorages have not yet been finally 
designed, but the present proposal envisages “‘ A ”’ 
frames with the main cables resting on saddles on 
the front of the anchorage and the line of pull be- 
ing diverted to a steeper angle to the rear with the 
anchor rods embedded in funnels specially driven 
in the natural rock. The lower portions of the 
anchorages will be faced with stone or artificial 
stonework. In elevation, the anchorages will be 
about 150ft high above high water. 

The towers are to be of high-tensile steel and 
will very largely be welded. The vertical and 
horizontal splices between erection pieces will 
be riveted. The form of the towers will be a 
portal frame braced at the top and again under 
the bridge deck. The towers rise to a height of 
about 500ft above O.D. It is possible that when 
the towers are under construction the main ap- 
proach viaducts will also be in hand. 

When the towers and anchorages are com- 
pleted the main cables will be erected. The 
diameter of each of the two cables will be about 
29in. The erection of the main stiffening truss 
will follow : this is of the Warren type and is to 
be 27ft 6in deep. The deck of the bridge is at the 
top level of the stiffening truss and the cycle 
tracks and footpaths are cantilevered outside 
the trusses. The truss will be of riveted con- 
struction. The deck of the bridge is to be of 
welded steel plates. 

This steel plate of the deck will be in thick 
and a surfacing of 14in is to be laid on top. 
These details are the result of tests carried out 
by the Road Research Laboratory. It will be 
strong enough to take the Ministry of Transport 
standard loading. The main bridge provides for 
two 24ft carriageways, two 9ft cycle tracks and 
two 6ft footpaths, and the total length, including 
the approach viaducts, is almost exactly 14 miles. 

The estimated cost of the whole project is over 
£14,000,000 and it is estimated that the work 
could be completed in from five to six years. In 
order to reduce the cost of the bridge a 
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Freeman, Fox‘and Partners), and Mr. Shirley 
Smith (of the Cleveland Bridge and Engineering 
Company). It may be recalled that the panel 
decided in favour of the bridge and was critical of 
several aspects of the design of the subway 
scheme. That scheme needed certain modifica- 
tions, it was considered, to conform to acceptable 
standards of width, clearance and gradient. The 
panel was also unfavourable to the “‘ Gambia ” 
pile and thought that bored piles should be sub- 
stituted. All these measures, and one or two 
others, such as the need for watertight concrete 
and modified approach roads, increased the cost 
of the subway scheme in the panel’s judgment. 
Thus they concluded that it would cost a little 
more than £9,500,000 to build, just about the 
same as the estimated cost of the suspension 
bridge, but £2,850,000 more than the estimate of 
the scheme’s own designers. The panel also 
thought that the construction time for the subway 
would be only six months less than for a bridge— 
also an estimate in excess of the designers’ esti- 
mate—and they considered that it would have 
much higher maintenance costs than the 
bridge. 

Two further reasons were advanced against 
the subway scheme. Hydraulic model investiga- 
tions would be necessary, it was considered, to 
find out the effect of the subway on the estuary ; 
the panel stated that it would constitute a 
restriction of 25 per cent. Also, the subway was 
not immune to damage by shipwreck. The kind 
of work involved in the subway was considered 
by the panel to be more susceptible to hazard 
than that of building the bridge, so, for all these 
reasons, the bridge was recommended. 

The recommendations were stated quite 
forcibly in the panel’s report, and the bridge 
scheme subsequently received official support. 
A slightly different complexion was put on the 
choice, however, by the then Under-Secretary of 
State for Scotland when he answered a question 
in the House on July 17th last. The following is 
part of his reply, abstracted from Hansard : 
“* With regard to the Forth Bridge, I do not myself 
take the view that the examination of the tube 

scheme was delaying ac- 
tion or a waste of time. On 
aur} the contrary, that scheme, 
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nate that the actual physi- 
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Fig. 6—Typical cross-section of proposed Firth of Forth 


showing structural bracing carrying the carriageways. 
Severn bridge is noteworthy 


scheme to abolish the cycle tracks on the main 
bridge and reduce the approach roads to a bare 
minimum was prepared. In this scheme the 
southern approach was planned to start at 
Echline Road and the northern approach was 
made by means of a connection from St. 
Margaret’s Head to A.90. This reduced scheme 
was estimated to cost £9,000,000. 

The consulting engineers for the bridge scheme 
are Messrs. Mott, Hay and Anderson. 


AN APPRAISAL AND CHOICE 


The panel of engineers asked to report on 
these two schemes published its findings, as a 
White Paper, last April. The panel consisted 
of Sir William Halcrow, Mr. Gilbert Roberts (of 
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that crossing, but I hope 
that somewhere in the 
United Kingdom we may 
be able to make use of 
that very outstanding 
idea to the advantage of 
ourselves and with the 
prospect of future export 
operations.” 

Needless to say, the panel’s conclusions about 
the subway scheme have not gone unchallenged, 
and on the whole their criticisms are not accept- 
able to the designers of the scheme. On these 
points we will go no further here, since our article 
aims only at description, but the subject is also 
discussed in a leading article on page 240 of 
this issue. 

However, on January 29th the Secretary for 
Scotland, Mr. Maclay, announced in the House 
that construction of the bridge was likely to start 
in the middle of 1958. He said that the full 
scheme, as proposed by the Forth Bridge Joint 
Board, would be followed, with discussi 
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ion on 
certain minor points. A toll was likely to be 
charged for use of the bridge. 





’ Automatic Billet Shear 


A COLD billet shear designed for single-stroking, 
with automatic clamping under pedal control, or 
for fully automatic continuous operation, is now 
béing made by Lamberton and Co., Ltd., 
Coatbridge. Its equipment includes an auto- 
matic feeding unit which can be synchronised 
with the shearing stroke to cut forging pieces 
down to 2in long from billets up to Sin square. 
When used on continuous automatic operation a 
machine makes fourteen cuts a minute. 

One of these new machines with a feed 
roller table is illustrated on this page. It has a 
welded frame of rolled steel plates and the 
uprights incorporate cartridge sleeve bearings 
for the eccentric shaft. Large guides are provided 
for the blade apron, and extensions of the apron 
move in guides carried below the blade level to 
resist any tendency to blade separation which 
may be induced by the shearing load. To reduce 
the operating time cycle means are incorporated 
for adjusting the length of the shearing stroke. 





Billet shear designed for fully automatic or single- 

stroking, pedal-controlled operation. This machine 

is capable of cutting up to fourteen forging pieces per 
minute under continuous automatic operation 


From the 50 h.p. main motor of the machine 
drive is transmitted through vee belts to a grooved 
flywheel and then through reduction gearing and 
a pneumatic clutch to the main shaft. Friction 
discs between the flywheel and the hub provide 
overload protection to the machine. During the 
shearing operation work is held firmly by a 
multi-wedge hold-down gear of the makers’ own 
design. In this gear a series of horizontal wedges 
actuated by a double-acting air cylinder impart a 
vertical movement to a hold-down ram which is 
balanced by an air cylinder. This. balancing 
cylinder is designed to ensure instantaneous 
release of the billet on completion of a cut. 

At the ingoing side of the machine the billet 
is supported on a spring-loaded roller, and where 
a feed roller table is fitted this roller is driven 
by tHe roller at the head of the table. 

When the machine is used for continuous 
operation with a feed table a pneumatically- 
operated work feed stop is provided. When 
the billet being fed into the machine contacts 
the stop, the hold-down clamps the billet, the 
feed table motor stops, the stop head retracts 
and the clutch is engaged to brake one shearing 
stroke. When the cut piece has fallen clear, the 
stop head automatically returns to its operative 
position, the blade returns. to its fully open 
position and the hold-down is released ready 
for the next cycle. 































































THE ENGINEER 


Scotland’s First Nuclear Power 
Station 


No. Il—( Concluded from page 219, February 8) 


In our issue of December 21, 1956, we announced the award of contracts for 
the first three British nuclear power stations designed to generate electricity on a 
commercial basis. One of thése stations is to be built by the G.E.C.-Simon-Carves 
Atomic Energy Group for the South of Scotland Electricity Board : the proposed 
site, at Hunterston, on the Ayrshire coast, is at present the subject of a public 
inquiry. Some details of the design and construction of the station have been 
received from The General Electric Company Ltd., and are reproduced here. 


N last week’s article, on the nuclear power 

station which is to be built by the G.E.C.- 
Simon-Carves Atomic Energy Group for the 
South of Scotland Electricity Board, we described 
the reactor, its charge and discharge operations, 
cartridge cooling pond, control rods reactor 
servicing machine, burst slug detection, steam- 
raising plant, and gas circulation. The present 
article is concerned with steam conditions, 
electrical generating plant and control and 
instrumentation. For the sake of completeness 
the main provisional design particulars are 
recapitulated below in tabular form. 


STEAM PowER CYCLE 


In a nuclear reactor the gas temperature is 
limited by the allowable temperature of the fuel 
elements, and the gas is cooled through a large 
temperature range in the heat exchanger. Both 
these considerations restrict the steam pressure 
and temperature and, therefore, the turbine 
efficiency attainable. To obtain optimum effi- 
ciency a “double pressure” steam cycle has 
been adopted; the heat exchanger has two 
independent boiler systems—high pressure and 
low pressure—each comprising economiser, 
evaporator and superheater sections. These 
sections are so arranged in the gas stream that 
the best use is made of the temperature differences 
available for heat transfer. 

The double-pressure boiler is used with a pass- 
in turbine, in which the low-pressure steam is 
admitted to the turbine at an intermediate stage 
of the expansion. This arrangement improves 
the turbine efficiency and the steam dryness at 
the turbine exhaust, and confers gains analogous 
to those associated with the reheat cycle in fuel- 
fired plants. 


ELECTRICAL GENERATING PLANT 


From each heat exchanger steam is carried on 
a pipe bridge to the turbine hall situated behind 
the two reactors. The turbine hall contains six 
dual-pressure G.E.C. 60MW, c.m.r. turbo- 
generator sets, with hydrogen-cooled alternators 
using hydrogen at 30 1b per square inch gauge. 
Each reactor, with its heat exchangers, can be 
operated as a unit, in association with three 
turbo-generators, ancillaries and steam dumping 
equipment. Provision is made for interconnect- 
ing the steam and feed ranges of the two unit 
systems. 

The turbine design is generally similar to that 
of conventional G.E.C. 60MW machine, incor- 
porating, where appropriate, new ideas developed 
for the company’s 120MW and 200MW 
reheat turbines ; the most important of these 
improvements is the use of fabricated steel exhaust 
casing with end support only, the longitudinal 
girders being formed integral with the casing 
walls. The ability to use this arrangement, 
which gives great rigidity of support, especially 
to the main bearings, follows from the use of a 
separate free expanding internal Lp. casing 
carrying the stationary blading, the whole of 
the outer casing being at vacuum temperature. 

At the design load the three turbo-generators 
use all the steam generated by one reactor unit. 
The choice of turbine rating is largely influenced 
by the area of exhaust annulus, since the steam 
at exhaust has a wetness of approximately 12-5 
per cent for 28-9in Hg vacuum at design load ; 
the effect of water erosion on the Lp. blading 
would become severe with higher tip speeds. It 
is economic to provide a generous exhaust area 
as a high leaving loss would markedly reduce the 
effective output, taking into account the low 
steam inlet conditions. The running speed of 





each machine is 3000 r.p.m., and three exhaust 
flows are provided, each having blading of a 
design which has performed satisfactorily for a 
number of years at exhaust wetness of 13 per 
cent. 


CONTROL AND INSTRUMENTATION 


A comprehensive system of manual controls 
and appropriate instrumentation for the two 
reactors and their associated plant will be pro- 
vided in a central control room situated in the 
turbine building. This system, in conjunction 
with an extensive telephone network, both normal 
and emergency, is designed to ensure that, 
except under certain extreme emergency con- 
ditions, complete control over the reactors and 
steam-raising units and adequate control over 
all other significant items of plant is vested in the 
central control room. A turbine gauge panel is 
placed in close proximity to each turbine, and 
instrumentation is included in the central 
control room to afford supervision of the running 
turbines. 

Two operators (one per reactor) and a super- 
visor are normally required in the control room. 
Under certain circumstances, such as restoring a 
steam-raising unit to operating conditions, 
additional staff is temporarily required. 

System of Control._—The station load is set by 
the power generated in the reactors and all 
deliberate changes are initiated at one or both 
reactors. A steam interconnection is provided 
between the two halves of the station, but 
normally this is closed and each half is run with 
its own turbo-generators. Certain automatic 
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features are incorporated in the contro] system 
of each reactor unit. They simplify the adjust. 
ment of power level and perform stabilising 
functions ; manual override is provided. 

Expressed in its simplest form, the method of 
overall control between 25 per cent and 100 per 
cent full power involves co-ordinated Variation 
of the netron flux density, the coolant gas flow 
and the steam flow. Two separate closed loop 
circuits are incorporated, one for stabilis:tion of 
reactor power, operating on four fine contro} 
rods and the other for stabilisation of the total 
coolant gas flow operating on the circulators . 
these circuits are termed respectively the auto. 
matic flux regulator and the automatic flow 
regulator. The two circuits are combined to 
the extent that settings of desired neutron fiyx 
and desired coolant flow are coupled in a single 
control known as the automatic power contro] 
which is motorised (to limit the rate of change 
of power) and set by the reactor operator at 
his control desk. A constant ratio, subject to 
manual trim, is maintained between desired 
neutron flux and desired coolant gas flow. With 
this system there is only a small variation with 
power level of temperatures in the coolant 
circuits. 

The automatic flux regulator adjusts reactivity 
to compensate for xenon poison transients 
following deliberate changes in power level, and 
it maintains a stable power level during “ on. 
load ”’ maintenance operations, such as replace- 
ment of control rods, which affect the net 
reactivity. The automatic flow regulator main- 
tains the desired value of total coolant flow in 
the event of failure of one circulator by tempo- 
rarily overspeeding the remaining circulators, 

When the operator adjusts the desired power 
by means of the automatic power control the 
resultant changed flow of coolant results in a 
change in heat flow in the steam-raising units, 
Steam pressures are thus affected, and pressure 
regulators associated with the inlet valves to each 
turbine automatically adjust the steam flow to 
maintain constant pressure conditions. Each 
steam-raising unit has a simple form of auto- 
= feed water control operating from drum 

vel. 

It is estimated that a power reduction from 
100 to 334 per cent full power could be effected 
in a controlled manner in under thirty minutes, 
almost entirely by means of the automatic con- 


Summary of Provisional Technical Data 


Fuel : 
Material ... ... ... ... Natural uranium rods 
Diameterofrod ... ... ... 1-1Sin 


° eae 2 
Number of rods per channel 10 
Number of rods per reactor 32,880 
Weight of uranium per rod... 7-64kg (16-8 Ib) 
Weight of uranium per reactor 251 tonnes 


Moderator and reflector : 


Material ... Graphite 
SE dna! bs vee 44ft 6in (50ft 6in with refiector) 
23ft (28ft with reflector) 


Core ; 
Number of fuel channels per 


FER 
Number of control rod chan- 
nelsperreactor ... ... 208 
Diameter of control rod 
2 Or rare 
Typeoflattice ... ... ... Square 
eS eee 8tin 
Total i of machined 
graphite perreactor... ... 2150 tons 
Nuclear data : 
Maximum thermal neutron 
fluxinuranium ..._... 2-0 x 10" neutrons /cm"*/ sec, 
approx. 
Method of flattening... ... Steel bars replacing fuel ele- 
ments 


Total built-in excess reacti- 
vity at start-up (reactor 
fe 4-57 per cent in k 


ps a 


factor 0-800 
Spherical vessel : 
Materi I ge’ 
Shape and dimensions ... 7Ofti.d. 
Thicknessofshell ... ... General 2jin 
Support course 3in 
Maximum internal working 
aes | 
Weight of gas in vessel under 
operating conditions ... 41-4tons 
Maximum shell temperature 450 deg. Fah, 
Inner shell : 
Boiler plate, cylindrical sides, 
domed top 
Copestgets : ite 
aterial 3... Boron containing 
in thin stainless steel sheet and 
packed in tu 
steel control rods 
Number of rods reactor 150 
Dimensionsofrod ... ... Length, 21ft 
Weightofrod ... ... ... nib 


Control rod grouping : 
Shut-off group 


Fine control group ... ... 
Twocoarsegroup ... ... 4°85 percentink 
Total reactivity controlled . 6°Spercentink 
Reactor design performance : 
Gas temperature at reactor 
inlet ... ... ... ... «.. 240 deg. Cent. (400 deg. Fah.) 
Bulk gas temperature at 
reactoroutlet ... ... ... 396 deg. Cent. (745 deg. Fah.) 
Gas pressure at reactor inlet 150p.s.i.g. 
Gas pressure at reactor out- 
__ ere 
Mean fuelrating... ... ... 2-11MW/tonne 
Totalgasflowrate ... ... 5640 Ib/sec. 
Heat transferred to gas from 
ee eee 
Heat transferred from gas in 
steam-raising units... ... 540MW 
CO, system : 
Outlet gas pressure ... ... 150-5 p.s.i.g. 
pressure across cir- 
cu id) sal ae” ae Tope. 
Circulator input b.h.p. ... 2190b.h.p. 
Electrical power consump- 
tionperreactor ... ... 12-6MW 
Gas transmit time round 
Circuit ... ... «+ «- 23 8econds 
Steam raising units, particulars for each of eight : 
Totalgasvolume ... ... 18,000 cubic feet 
Total weight of under 5-2 
operating condit «.. 5-2 tons 
Inlet gas temperature... ... 396 deg. Cent. (745 deg. Fah.) 
Outlet gas tempera ... 200 deg. Cent. (392 deg. Fah.) 
-P. steam flow ... ... ...  143-1k pounds per hour 
H.P. steam pressure ... ... 575 p.8.i. 
H.P. steam temperature . 700 deg. s 
P.steam flow ... ... ... 69- 5k pounds per hour 
L.P.steam pressure ... ... 145 p.s. 
L.P. steam temperature . 670 deg. Fah. 
Turbines . Maulti-stage, axial flow, impulse- 
reaction 
Generators ... ... ... ... COMW, cms, at 9°38 pf, 
11-8kV, 3000 r.p.m. 
Cooling... ... ... ..: «.. Hydrogen at 30 p.s.i.g. 
Steam pressure at h.p. stop 
ney 
Steam pressure at I.p. stop 
‘ ees »: 135 p.s.i.g. 
team temperature at h.p 
NOE. 06d. sae hs 690 deg. Fah. 
Steam temperature at l.p. 
H.P. steam flow perset ... 382k pounds per hour 
L.P. steam flow perset ... 186k pounds per hour 
Final feed temperature at st 
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trols provided. As excess steam is blown off in 
the event of one or more turbo-generators tripping 
out, rapid decrease of power without having 
recourse to reactor shut-down is obviously 
desirable to avoid excessive loss of feed water. 
When steam is not required for the turbines it 
can be released, through automatic pressure- 
controlled valves, to one of two dump condensers, 
which operate at atmospheric pressure with spray 
desuperheaters. Each turbine is fitted with a 
governor speed control but in operation this is 
normally over ridden by the pressure regulator. 
The usual emergency overspeed trip is provided. 


Safety Arrangements.—Despite the adequate : 


information available to the control staff, 
abnormal conditions may not be noticed immedi- 
ately and a large number of alarms, both aural 
and visual, urgent and not-so-urgent, are, there- 
fore, incorporated. 

An unsafe condition is arranged to trip out 
automatically a section or sections of the station. 
As this must be done as a last resort, particularly 
where the reactor is involved, the equipment 
associated with each of these trips is made as 
reliable as possible, the more particularly because, 
should it develop an internal fault, it must 
“ fail to safety.” To reduce the risk of trips due 
to internal equipment faults in the particular case 
of excess neutron flux detection, three detectors 
are employed, any two of which must operate 
before the reactor is tripped. 

Instrumentation.—The instrumentation to be 
installed is designed for the following functions : 

(i) To detect and display to the control staff 
any departure from normal of the significant 
parameters and controls under all conditions. 

(ii) To actuate alarms, auto-regulation and 
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auto-trip-out of various sections of the station. 

(iti) To enable changes in the operating power 
level, start-up and shut-down of any section of 
the plant to be made smoothly and promptly, 
whether by manual or auto-control or by a 
combination of the two; and to prevent or 
minimise the effect of maloperation of controls. 

(iv) To provide an*éasily interpreted record of 
any measurement of which it is important to 
know the trend with time. 

(v) To enable a variety of remotely controlled 
maintenance operations to be performed on the 
reactor. 

In the non-conventional part of the station the 
main measurements taken ase: of neutron flux; 
temperature in certain fuel elements, fuel channel 
exits, locations in the graphite structure and the 
reactor inlet and outlet coolant ducts; gas pres- 
sures within the reactor pressure vessel and the 
steam-raising units; and coolant flow in each 
steam-raising unit. 


The station described here is to be built on a 
site, not yet specified, in the South of Scotland. 
The contract for the design and construction of 
the station has been placed by the South of 
Scotland Electricity Board with the G.E.C.- 
Simon-Carves Atomic Energy Group. This 
group, which has its headquarters at the Fraser 
and Chalmers Engineering Works, Erith, Kent, 
consists of the following firms: The General 
Electric Company, Ltd. ; Simon-Carves, Ltd. ; 
The Motherwell Bridge and Engineering Com- 
pany, Ltd., and John Mowlem (Scotland), Ltd. 
On this project Messrs. Kennedy and Donkin 
are the consulting engineers to the South of 
Scotland Electricity Board. 





Recent Light Engineering Structures 


We have received details of some light structural engineering works recently 
completed which afford a cross-section of contemporary design in concrete, 


aluminium and steel. 


The structures described are a footbridge in prestressed 


concrete, a footbridge in welded aluminium, grandstands built from slotted angles, 
and standard building with spans up to \45ft for use as aircraft hangars or sheds. 


PRECAST, prestressed concrete footbridge 

built at Eel Pie Island, Twickenham, is 
illustrated on page 262. It is the first new 
bridge over the lower Thames since the recon- 
struction of Waterloo Bridge, and was opened 
on Saturday, February 9, by the Mayor of 
Twickenham. 

The bridge has a centre span of 84ft with two 
spans of 34ft and 10ft 2in on the one side, and a 
single span of. 42ft on the other side. It is 6ft 
wide, with an overall height of 5ft 6in. It is 


hump-backed to give navigation clearance over a 
60ft width of waterway, without having long 





approach ramps on each bank, A small approach 
ramp is, in fact, necessary on the north bank, 
even with a maximum gradient of 1 in 6. 

Precast, prestressed construction was used to 
avoid working with in situ concrete over the river. 
The deck consists of two beams, made of factory- 
precast-concrete “‘ T ’’-sections 8ft long, the tops 
of each pair of “‘ Ts” butting against each other 
and forming the bridge deck ; at their ends these 
“T ”’-sections are coupled transversely by 4in 
thick precast reinforced concrete diaphragms ; 
they are prestressed together on the Gifford- 
Udall-CCL system to form a continuous struc- 
ture. The beams rest on 
in situconcrete abutments 
and precast river piers; 
they are fixed at one end 
but are free to expand 
over precast concrete 
rockers on the*other sup- 
ports. Uplift at the beam 
ends is prevented by pre- 
stressing wires cast into 
the abutment at the fixed 
end and passing through 
theend anchorage blocks. 
At the free end of the 
bridge these wires pass 
through the precast con- 
crete rocker bearing. 

Each of the precast 
concrete piers is founded 
on two blunt-ended re- 
inforced concrete piles, 
12in by 12in and 20ft 
long, driven into the Lon- 
don clay. Particular care 
was needed in setting 
these piles as a sewer pas- 
ses beneath the river, very 
near to the bridge site. 

At the suggestion of 
the contractor, the river 
piers were precast in 
three sections. These 
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sections, each of which weighs 3 tons, were floated 
out on the pile-driving barge and placed by chain 
blocks hanging from the scaffold centering. The 
piles and the pier units are joined together by 
grouting mild steel bars in 6in diameter ducts, 
which pass vertically through the pier sections, 
and form a monolithic construction capable of 
resisting heavy blows from vessels or debris 
carried down by the ebbing tide. The piers are 
chamfered at each end. The whole operation. of, 
— the piles and placing the piers took ten: 
ays. 

The beams are designed to be continuous over 
the three spans for the dead load and for: the 
live load of 60 lb per square foot. The deck line: 
of the bridge is, in fact, a smooth curve, the 
discontinuous appearance being due to the soffit 
line, the beams being deepened at the supports. 
The precast units were assembled on a centering 
of scaffold tubes driven into the river bed by 
hand and were arranged with joints of not less 
than lin between them. The joints were caulked 
with very dry mortar of equal parts of cement and 
sand. In the curved portion of the bridge the 
width of the joints increased to about 2in at the 
top. These wide joints gave some initial difficulty 
as the top flange sections tended to fall out, but 
this was overcome by reinforcing the joint with a 
short length of jin diameter mild steel bar and 
by leaving a soffit shutter board under the joint 
until it had hardened. 

Each of the two beams has two 160ft long 
cables arranged in a single curve and following 
approximately the same route. There are twelve 
0-276in diameter wires in each cable. These 
cables were drawn through the ducts with a 
hand winch. The anchor blocks were cast in 
two sections and were joined together in position 
by transverse prestressing. Prestressing of the 
beams was carried out from each end. An 
allowance of 20 per cent had been made in the 
design for the loss of prestress from the anchorage 
to mid-span owing to friction. The actual loss 
was found to be 16 per cent. After stressing was 
completed the cables were grouted, using neat 
cement grout with an admixture. The grout was 
injected with a small diaphragm pump from each 
anchorage to a vent-hole at mid-span. Douglas 
fir was used for the posts and rails and mild steel 
rod for the uprights. The total construction 
time for the bridge was three months. The 
consulting engineer for the bridge was Mr. 
E. W. H. Gifford, A.M.I.C.E., and the contrac- 
tors were Reed and Mallik, Ltd., Piling and 
Plant (Kent), Ltd., Scaffolding (Great Britain), 
_ and the Liverpool Artificial Stone Company, 
Ltd. 

Aluminium Footbridge——Another illustration 
also shows a footbridge; this one is of alumi- 
nium alloy construction, and of interest because 
it is a welded prefabricated structure. The bridge 
has recently been completed for Northern 
Aluminium Company, Ltd., over the River Ebbw, 
between the South Wales towns of Rogerstone 
and and is of 60ft span. The bridge is 
of “‘ W ”-latticed “* through ”’-girder construction, 
the top chord of each girder serving as a hand- 
rail. This top chord is curved to a radius of 
226ft, the depth of girder being 4ft 6in at the 
ends and 6ft 3in at mid-span. The 4ft 6in wide 
footway is similarly curved to give a 4ft 6in 
hand-rail height throughout. The bridge was 
designed for a live load of 100 Ib per square foot 
(on a 15 lb per square feet dead load), with 
provision for a point load of 500 lb. Lateral 
design loadings were 50 Ib per foot run on the 
hand-rail, and a wind load of 12 Ib per square 
foot. 

The bottom chord of each girder is a 4in by 
3in by }in extruded tee, and the top chord and 
hand-rail a tee with its flanges radiused and 
bulbed to provide a hand-grip. Lattice members 
are of 34in by 13in lipped channel section and 
bracing members of 1}in equal bulbed angle. 
The alloy chosen for all structural parts was 
Noral B51S (B.S. 1476 : HE30), fully heat- 
treated. 

All joints were welded, provision being made 
to ensure that as far as possible welds ran 
longitudinally rather than transversely across 
sections to minimise local loss of strength. All 
welding was carried out with ‘“ Argonaut” 
shielded-arc equipment. The flooring consists 
of corrugated aluminium sheeting. The sheets’ 
are carried on two longitudinal 3in by 2in by 


















































































#sin plain angle sections welded to the lattice 
members, and are secured with aluminium rivets. 
The footway itself was made by laying about a 
ton of bituminous road material over the corru- 
gated sheeting. The bridge was designed by 
Aluminium Laboratories, Geneva, and fabricated 
by the Atlantic Shipbuilding Company, Ltd., at 
Newport. The complete structure (approxi- 
mately 2100 Ib without the bituminous decking) 
was transported to the site by road and launched 
with the help of two mobile cranes. At its points 
of support the bridge is carried on pin-joints, a 
link being provided at one end to allow for 
thermal expansion. 

Grandstands for Ghana’s Independence Cere- 
mony.—On March 10, the Gold Coast is to 
become an independent member of the Common- 
wealth, with the new name of Ghana. Grand- 
stands to hold 10,000 were needed for the cere- 
mony at Accra, and they have been built by 
Dexion, Ltd., from that firm’s standard range of 
slotted angles. The structural use of this material 
on such a large scale is somewhat unusual, and 
a few further details may be of interest. 

The general form of construction is clearly 
shown in the accompanying illustration. The 
“stands” are supported on transverse frames 
spaced 4ft apart. Each frame was erected in 
four sections (the sections can also be distin- 
guished in the photograph—they form four 
vertical elements in each frame) on jigs. This 
assembly work was carefully arranged, so that 
erection—from stacks of material already cut to 
length—could be rapidly carried out by local 
labour. The four sections of each frame were 
then bolted together, and the complete frame 
erected, manually, on the end of the work already 
completed. Longitudinal members and cross- 
bracing were added as erection of the structure 
proceeded and a canopy was carried over each 
stand by a structure in aluminium slotted angle. 
The stands have been designed for a loading of 
180 Ib per square foot. Structural strength was 
achieved by “ boxing ’—-for instance, four angles 
form a column, bolted together with short cross 
members as required—and by framing in squares 
of about 4ft or 4ft 6in in size; the governing 
dimension here was the buckling length of the 
diagonal angle-member. 

About 500,000ft of slotted angle—Dexion 
“225” and “ 300 ”’—was used for this work, 
at a contract cost of about £30,000 ; re-use of 
the angles was, of course, an important point in 
the contract. Other structures included in the 
contract were an entrance arch, pylon and flag- 
mast at the airport, flagpoles and crush barriers, 
and a grandstand at the harbour. 

Standard Steel Buildings of Large Span.— 
Prefabricated sheds and similar buildings have 
been coming on the market in increasingly 
elaborate forms in recent years. We have now 
received details of buildings of this kind where 
the clear span is as great as 145ft. The usage for 
such buildings is somewhat specialised, and 
applications such as bus depots and sports arenas 





Footbridge over the River Thames at Eel Pie Island, Twickenham. 
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are envisaged, but the buildings are primarily 
designed as aircraft hangars. These particular 
buildings are made by Sanders and Forster, Ltd., 
a member of the Chamberlain group of com- 
panies. 

Two basic sizes of hangar building are available 
of 120ft span and 145ft span respectively, with a 
height of eaves of 24ft. Side extensions or lean- 
tos 20ft wide can also be provided.’ Main frames 
are spaced at 20ft centres, and buildings may be 
in any multiples of this length. Manually 
operated sliding doors 20ft high cross the full 
width of the building at one or both ends. At 
the centre of the door opening there is an elec- 





60ft aluminium alloy footbridge of all-welded construction 
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trically operated gate to give added clearance 
for aircraft with a high tail. Patent glazing in 
standard 4ft 9in deep strips can be fixed in any 
required position on the roof and wall construc- 
tion, or “ Perspex” or similar plastic sheets may be 
used for roof lighting and steel sashes fixed in the 
walls. Roof and wall cladding may be in cor- 
rugated asbestos, galvanised iron or aluminium 
sheeting or any sheeting which will span the 
4ft 6in between the standard purlins. The main 
frames of the hangar are designed as framed, 
two-pin, portal arches. They are of bolted con- 
struction and are assembled on site. The design 
is in mild steel, according to B.S.S. 449. 


Automobile Apprenticeship 


The system of apprentice training recently instituted by the Ford Motor Company, 
Ltd., embodies the so-called “‘sandwich”’ of workshop and technical college instruction 


for craft apprentices. 


Student apprentices train as mechanical or automobile 


engineers. 


T= Ford Motor Company, Ltd., established 
a Trade School in 1930, and many of the 
trainees of the subsequent twenty-six years 
occupy senior posts in the company now. During 
that time, however, the work of both educa- 
tionalists and engineers has advanced markedly. 
To meet the present demand, on one hand for a 


TaBLE I—Summary of the Main Apprenticeship 








Courses 
Craft Student 
| apprenticeship apprenticeship 
Main source ... ... Secondary modern| Grammar, public 
schools and secondary 
technical schools 
Age at entry into) 15 to 17 years .| 16to 18 years 


ae 

A ic standard) None. Battery of| EitherG.C.E.“O” 
intelligence and 
aptitude tests 


National Certifi- 
cate with over 60 
per cent in every 
subject. 


Time of commence- 


Two main entries 


One entry per year 


ment of course per year, in Janu- in September 
ary and May, to- 
gether with a 
smaller intake in 
September 
iam of apprentice-| 4 years... ... ... 4 years 
ship 
Period in apprentice) 2 years... ... ... 2 years 
school 
Period in the factory : 
In selected craft de-| 2 years ... ... ... _ 
partment 
In manufacturing! _ 2 years 
and other depart- 
ments 
Main objective of| City and Guilds} Hi National 
class study final certificate in ificates in 
appropriate craft} Mechanical and 
Production Engi- 
Age on completion of| 19 to 21 years .| 20 to 22 years 





apprenticeship 








more than strictly vocational training, and on the 
other for increasingly knowledgeable and skilful 
artificers, a fresh system for training craft and 
student apprentices was initiated last September. 


CRAFT APPRENTICES 


An innovation in the course for apprentice 
craftsmen is the use of what has become known 
as the “‘ sandwich ”’ system, each pupil spending 
a period in the works and a period at a technical 
college, in this case the South-East Essex Tech- 
nical College at Dagenham. The sandwich is com- 
posed of a fortnight in the Apprentice School, 
alternating with a week at the College. 
Theoretical study prepares for the City and Guilds 
examination in Machine Shop Engineering ; 
English, social studies and physical education are 
included in the curriculum. Assistance is given 
to students who wish to study simultaneously for 
the National Certificate, and those who obtain 
marks well above pass level in the first year 
examination may be transferred to the student 
apprenticeship. 

The fact that on the sandwich system a fixed 
proportion of the pupils are in the school at all 
times favourably on the provision of 
plant, bench positions and instructors, Where 
pupils are away for at least a week at a time it 
becomes practicable to organise the school so 
that machines never spend a day idle. The 
school workshops (Fig. 1) have recently been 
established on a floor of 16,000 square feet, 
and some plant has yet to be installed. At 
the far right is the basic training shop, where 
apprentices spend their first eight months ; 
here ‘they master not only fitters’ tools, but 
electric and gas welding (stopping short of 
pressure vessel standard), simple sheet metal 



































Feb. 15, 1957 





THE ENGINEER 


Fig. 1—The machine shop of the apprentice school, with, in the background, the temperature-controlled 


jig boring 


forming, and the centre lathe. The work- 
pieces comprise a toolbox and hand tools, 
which, if of sufficiently high quality, are given to 
the apprentice for his own use. 

For the remainder of the two years work con- 
sists of jigs, tools, fixtures, and experimental com- 
ponents required by the company and selected for 
their instructional value. Other work ugdertaken 
is the repair of precision instruments and the pre- 
paration of cut-away vehicles or assemblies for 
demonstration purposes. The apprentices, inci- 
dentally, carry out all the maintenance work in 
their machine shop. Since the work is of 
toolmaking quality, slip gauges and comparators 
are provided ; it is intended to equip a standards 
room, with the purposes both of passing the 
products of the shop and of undertaking further 
training of apprentices destined for inspection 
duties. 

The jig boring shop is seen in Fig. 2; the 
machine in the foreground carries ‘‘ Optimetric ”’ 
equipment, and at the far end can be seen a 
Newall jig borer. Gauge grinding and lapping 
machines are also installed 

It is noteworthy that the workshop instructors 
carry out both class room and practicdl instruc- 
tion on their own subject ; this eliminates any 
possibility of lectures and exercises becoming out 
of phase for any pupil. Apprentices are expected 
to take their own notes during lectures, but 
skeleton notes are provided to avoid the copying 
of drawings from a blackboard. 

The second two years of the craft course are 
spent in an appropriate department of the works ; 


Fig. 2—Interior of the jig boring shop : 


shop 


during this time those students who are able to 
benefit from further study attend college one 
day a week, usually taking the final examination 
for a City and Guilds craft qualification. 

Apprentices for ancillary trades, such as 
plumber, spend only one of their first two years 
in the school workshop, and the remainder of 
their time is devoted to specialist work. In the 
case of patternmakers, however, the full two 
years of general engineering training is con- 
sidered to be well spent. 


STUDENT APPRENTICES 


A sandwich course also constitutes the 
student apprenticeship, but in this case alternate 
four-week periods are spent at the company and 
the technical college. The practical instruction 
follows the same course as described above, but 
does not proceed so far ; the students devote to 
it three weeks to the craftsmen’s four. 

The college instruction continues throughout 
the four years, enabling the students to gain 
Higher National Certificates in both Mechanical 
and Production Engineering, with endorsements 
sufficient to qualify for graduate membership of 
the corresponding institutions. 

During the second half of a student apprentice- 
ship time spent in the works is devoted to 
gaining experience in various departments ; the 
range of activity that can be encompassed in an 

ing works such as this is indicated in 
Table II, covering the first eighteen months for 
all students. 





the shop beyond the partition is devoted to the preparation of 
cut-away exhibits 
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TABLE I1—Factory Experience for Student 


Apprentices 





Department 





re shops and nada ew ge 
Rolling mil, forging shop and heat-treatment 
ent 


uistdreete, coke ovens, sinter plant and 
power house 
M operations, including gear cutting .. 
Assembly (engines, front and rear axles, gear- 
boxes, clutc’ es and final lines) 
Manufacturing electrical ee 
Inspection department 
Dynamometers 1 pe 
Vehicle repair garages (including Briggs ‘Motor 
Bodies 
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Driving instruction and special sections ... 


w 
an 








For the final six months students are divided 
between mechanical engineering and automobile 
engineering, the former specialising on advanced 
machine tools. The automobile - candidates 
spend one-half the remaining twelve weeks in 
the service school; here they study side by 
side with the men of the dealers’ technical staff 
and glimpse that recondite learning which is not 
reduced to book form. It is interesting to note 
that during each of their last three years students 
are expected to prepare a major essay. The 
subjects are selected from such subjects as the 
design and development of inventions, engineer- 
ing economics, biographies of scientists and 
engineers, history of science and engineering, 
surveys of current engineering practice, and the 
assessment of probable future trends in auto- 
mobile design and methods of production. 


ORGANISATION 


As is shown in Table I, craft and student 
apprentices are drawn from different educational 
sources, and in the former case are limited to the 
boys of local schools. Students are not so 
limited, and a maintenance allowance is paid if 
necessary to those who cannot live at home 
during the first three years of their course. All 
apprentices are paid at a flat weekly rate, depen- 
dent only upon age ; the pay is high enough to 
avoid pupils or their parents preferring an 
unskilled man’s wage. 

Extra-curricular activities are numerous. The 
school organises conferences on manifold topics 
that are held at various places in the country on a 
residential basis, and, therefore, introduce fresh 
scenes as well as fresh thoughts. A large pro- 
portion of the pupils are entered for such courses 
as the “Outward Bound” mountain schools or 
Brathay Hall, at which the company reserved 
eighty places this year. A small number of the 
apprentices make tours overseas under the 
arrangements of the Institute of the Motor 
Industry. 

The entire foundation, of these relatively short 
apprenticeships is, of course, the effectiveness of 
modern methods of instruction compared to the 
classical apprenticeship. Accordingly, great care 
is taken over the appointment of instructors, who 
are regarded as staff of high standing. They are 
selected from craftsmen of long experience who 
have the-appropriate personal qualities, and are 
generally required to have some formal qualifi- 
cation such as a City and Guilds Final. Before 
commencing their lecturing duties they attend a 
course on instructional technique at the Govern- 
ment Training Centre at Letchworth. Those of the 
staff who are concerned with the interviewing or 
selection of candidates have completed courses 
at the National Institute of Industrial Psychology. 
To afford the boys assistance and guidance on 
a personal basis, there are two apprentice super- 
visors, who have no instructional duties. 

The interlinking sandwich system was only 
possible by the co-operation of the technical 
college concerned, since it involved teaching sub- 
stantially throughout the whole year. The engin- 
eering faculty at the college, however, co-operated 
readily in accepting staggered holidays. One part 
of the theoretical instruction that is not given by 
the college is engineering drawing: Ford requires 
an unusually high standard of draughtsmanship 
and a familiarity with United States conventions, 
and, therefore, perform the training in their own 
drawing-office, which is incorporated in the 
apprentice school. This has the advantage that 
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candidates exempted from first year training who 
have no knowledge of drawing can be accom- 
modated by setting back the drawing course one 
year. The company is empowered to conduct the 
examinations on engineering drawing for the 
National Certificate. 

The apprentice school ‘houses the central 
library of the company, which possesses a catholic 
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selection of about 7000 works on all subjects; 
this is of particular value to students preparing 
essays, but: is open to all the apprentices. A 
collection of'fiction expected to appeal to the boys 
is kept separately in the sthool. 

The new system of training is intended to 
accept seventy craft and forty student apprentices 
each year. 


Helicopter Engine Testing 


7s air-cooled radial aero-engines of Alvis, 
Ltd., have in recent years been used increas- 
ingly in helicopters, with the result that hangers 
and dynamometers ouilt to test engines in the 
conventional tractor attitude are no longer of 
service. The early installations located the 
cylinders in a horizontal plane, and the engines 
were tested with the propeller shafts either 
driving dynamometers through right-angle gears 
or carrying “‘ paddle wheels ” to dissipate power 
into the air. Modern designs, however, call 
for the engine to run at many different angles 
in various machines, and for development, if not 
production, testing special rigs for each attitude 
would be impractical. As a result, Heenan and 
Froude, Ltd., has now built a dynamometer test 
bed on which the inclination can be changed 
through 120 deg.; this is claimed to be unique. 
The engine is carried within a mounting frame 
spacious enough to clear the cowlings or other 
ancillaries that may be mounted round the 
engine ; the engine mounting proper picks up 
on a ring at the end of this frame. Since the 
photographs reproduced here were taken, this 
ring has been mounted within the frame on a 
series of parallel screw-jacks driven by a sprocket 
chain surrounding the base ; these form a fine 
adjustment of the axial position of the engine 
compensating, for instance, for deflection of the 
rubber cushions to which the mounting is 
attached. The combined engine and mounting 
frame are offered up to the dynamometer with 

























the crankshaft vertical, being raised into position 
on four steel cables, each moved by one of four 
screw-jacks driven. by sprocket chain from: the 
hand crank seen at the left front attachment 
point. : 

The mounting frame is carried on the end of 
one of a pair of fabricated steel- cylinders about 
8ft in diameter ; at the other end of it is the 
dynamometer, to which it is coupled by a shaft 
along the axis of the cylinder. Since the cooling 
of a “‘ Dynamatic ”, eddy-current brake is inade- 
quate when it is inclined at an angle, a water 
brake is used in this case; it is a Froude “*‘ DPYR 
645,” accepting up to 1000 h.p. in either direction. 
It has motor-operated sluice gear to permit 
adjustment of load from the control room, and 
remote indicating torque reaction weighing gear. 
To allow it to be calibrated by deadweights when 
in an inclined position, steel tapes, running from 
the casing over rollers visible in the illustration, 
carry the weights. 

The second cylinder, at right angles to the 
first, is supported at each end on rollers; it 
can be rotated by an electric motor and clamped 
when stationary by pneumatic rams. The com- 
plete dynamometer and engine assembly can be 
rotated while the engine is running, but there is 
no intention of providing a rapid enough travel 
to simulate the transient phases of a manceuvre. 

Running out of the right-hand end of this 
drum can be seen a universally jointed shaft ; 
this drives, through bevel gears and an over- 
running clutch, the en- 
gine output shaft. A 100 
h.p. electric motor is 
connected to this shaft 
through a “* Dynamatic” 
coupling to start or 
run-in test engines. Also 
through this end of the 
rotating cylinder are 
passed the flexible hoses 
needed by the engine and 
leads for instrumenta- 
tion. The opposite end 
of the cylinder admits 
the engine control link- 
ages and the cooling air, 
which is delivered by a 
centrifugal fan. consum- 
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ing up to 140 h.p.; aslave cowling, retracted in the 
illustration, can be run downward by the motor 
seen above the hand crank to direct the co: sling air 
into the engine fan shroud. Combustion air 
is also fan boosted, in order to overcome the 
drop through a Vokes filter and also allow testing 
at full power when the barometer is low, and can 
be heated to simulate tropical conditions. 

Both oil and petrol are available in alternative 
grades for running and one for inhibiting ; they 
are-taken from pipes, in a tunnel running below 
all:the test. beds, which are pressurised by pumps 


: near the tank farm. Various points in the test 


bed are connected back to the subterranean pipe 
through normally-open electric valves, so that 
in the event of fire all petrol can be emptied from 
the plant’ by cutting off the electricity ; the 
control that does this also stops the petrol supply 
pump. Fuel metering equipment is located in a 
closed compartment visible through a window of 
heat-resisting glass. 

The control, room is on the ground floor, 
opposite the ine preparation bay. To afford 
observation of the engine when it has been 
swung up towards the horizontal, which direction 
it can attain at one end of its travel, there are 
windows into the test cell at various places. 

The test cell is exhausted through a set of 
acoustic splitters by a 30 h.p. axial-flow fan. The 
dynamometer water is cooled and recirculated, 
softened water being used for make-up. 

To give access to the engine and lift engines 
into place, the platform below the plant can be 
raised by means of a pneumatic ram. Another 
platform can be wheeled close to the plant on 
the rails seen in the foreground. There are also 
overhead crane rails. Carbon dioxide fire- 
extinguishing equipment is provided. 

In building this specialised test plant, Alvis, 
Ltd., is following a belief that shaft drive will 
continue in favour for helicopter rotors by 
virtue of being practical and proven, and that 
for powers of 500 h.p. or less the piston engine 
will continue to be used. 





PAPERS ON COLONIAL GEOLOGY AND MINERALS.— 
The quarterly bulletin of the Colonial Geological 
Surveys, ““ Colonial Geology and Mineral Resources,” 
is to be supplemented from time to time by the 
publication of separate papers. The first of these 
supplementary publications has recently been issued 
and is obtainable from H.M. Stationery Office. It is 
entitled “The East African Rift System” and is 
written by Dr. F. Dixey. The term “ rift” is applied 
to the geological system as a whole to indicate a 
structure due to parallel faulting. The rift is believed 
to. be aligned along a very early, practically prim- 
ordial, weakness of the crust. The rift is regarded as 
extending southwards down the whole eastern side 
of Africa, and northwards, not only across Western 
Arabia but also through the Taurus range and 
beyond far into Anatolia. It thus extends through 
70 deg. of latitude, or nearly one-fifth of the earth's 
circumference, and is one of the major geological 
features of the world. 


the engine mounting frame, showing the four screw-jacks to lift 
cardan shaft to the dynamometer, and the starting motor drive 
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High Output Diesel Engine 


N oil engine has now been introduced by 
A Vauxhall Motors, Ltd., for use in Bedford 
trucks. Based upon the existing 300 cubic 
inches (4927 c.c.) petrol engine, the diesel is a 
highly rated engine intended to approach the 
spark ignition unit in both output and life : 
the brake mean effective pressure is over 100 lb 
per square inch at speeds up to 2400 r.p.m., and 
the normal governor setting is 2600 r.p.m. 

The diésel has a deep stiff crankcase 
casting with seven main bearings. These bear- 
ings resemble those of the original petrol 
engine but have been modified slightly to 
allow the fillets on the crankshaft to be rolled 
cold for high resistance to fatigue. The 
crankshaft is a forging, fully counterbalanced, 
cross drilled, and induction hardened on the 
journals. While the I-section connecting-rods 
are not machined all over, the outer surfaces of 
the flanges are polished and, as on the petrol 
engine, they are drilled through to supply oil 
to the piston pin. There is also a drilling to 
throw oil on to the cylinder bore. The piston 
has oil control rings, with narrow working faces, 
above and below the pin ; these, like the two 
internally stepped gas rings, are phosphate 
treated. The top gas ring is dense chrome-plated 
and tapered ; it has been found that the time 
taken to run in such a chrome-plated ring may be 
extreme, and therefore the rings are lapped with 
abrasive in a cast iron sleeve to give a 50 per cent 
contact before being installed in an engine. The 
deep top land of the piston is turned with a series 
of shallow grooves ; this allows the radial clear- 
ance to be reduced without increasing the risk of 
damage from scuffing and results in a better gas 
seal. The oil control will allow as much idling 
as a vehicle engine normally encounters. 


Fig. 1—Transverse section of automotive oil engine 





The bores are formed by dry slip-fit liners ; 
the overall diameters are allowed a tolerance of 
0-0025in, and they are selectively assembled to 
the blocks. Experiments have confirmed that 
shortly after a new engine has been started, there 
ceases to be any thermal barrier between block 
and liner. The upper face of the liner flange is 
recessed to place it in direct compression and 
avoid distortion. The cylinder head studs run 
down through the water jacket to the bottom of 
the bores ; they are bronze-plated, and locked 
into their holes by the use of an oversize thread 
near the plain portion of the stud. The gasket 
is of laminated steel, with copper rings round 
the water passages, and the head nuts are 
sealed against coolant by bronze washers. The 
nuts are not accessible with the rocker gear in 
place. 2 

The cylinder head has a plane lower face, save 
for a slight relief beside the inlet valve seat, which, 
with a directed port, establishes swirl in the 
charge ; the compression ratio is 17-1. Each 
exhaust valve is welded up from a ferritic stem 
and an austenitic head, and is free to turn 
when open. The inlet and exhaust manifolds are 
on opposite sides of the head ; the inlet is a very 
simple light alloy casting, being completely open 
on the engine side. Through the water space 
there runs a copper-plated steel sleeve in which 
the injector is fitted ; the sprayer emerges outside 
the rocker cover, and the exhaust manifold is, 
as Fig. 1 shows, shaped to give access to its 
unions. The drain pipe is in three sections, no 
more than two of which need be removed to take 
out any injector. 

The injection equipment is interesting in its 
normality. A four-hole injector is used and, by 
virtue of the remarkable cooling provided, goes 
long intervals without at- 
tention. The jerk pump 
has the same camshaft 
as is used on engines of 
more normal speed ran- 
ges, but secondary injec- 
tion is not a problem 
on the engine. As might 
be expected, a fixed rack 
setting first meets the 
smoke limit at the high- 
est speeds. The full rack 
specific consumption 
varies little with speed 
andis largely below 0-41b 
per horsepower - hour. 
The corrected results of 
one benchitest are shown 
in Fig. 3; although 
limited to 2600 r.p.m. by 
a vacuum governor, the 
engine is consistently 
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Gross output: Dynamometer exhaust system, no 
fan, generator not charging. 
Net output: Standard vehicle exhaust system 
and air cleaner, fan in operation, 
generator not charging, 


Fig. 3—Output of 300 cubic inch oil engine 


run up to 3000 r.p.m. on the test bed. In a 
vehicle of 18,400 lb gross weight, 135 ton-miles 
per gallon at an average speed of 26 m.p.h. have 
been achieved in conditions claimed not to be 
favourable. 

Common to both the petrol and oil engines are 
the camshaft and the helical gear timing train, 
which provides for a hydraulic pump for the 
power-assisted steering optional on the “ Big 
Bedford,” and, on the diesel, is extended to drive 
the fuel pump through the exhauster or compres- 
sor. The rocker gear is also common, the pillars 
being light alloy in order to minimise variation 
in valve clearance. The petrol engine has adopted 
the larger oil pump and full-flow filter required 
by the diesel, for which h.d. oil is strongly recom- 
mended though not mandatory. Direct oil jets 
upon the skew gears of the pump/distributor 
shaft and upon the timing train are featured. 
The oil engine has a block height 1°/,,in greater 
than the earlier petrol engines ; this dimension 
has been added to new petrol engines between 
piston pin and compression face. There is no 
risk of liners being confused, since the wall 
thickness has been increased to tin. The engine, 
with a 12in clutch but no housing, weighs 
994 Ib. 

Besides the two 3gin by 44in engines, giving 
89 h.p. at 2600 r.p.m. and 98 h.p. at 3000 r.p.m., 
the 214 cubic inches engine, 33in by 4in, is retained 
with an increased output of 86 h.p. at 3400 r.p.m. 
The smaller engine has been given a far less 





Fig. 2—An early example of the oil engine, with a by-pass oil filter fitted 
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curved torque characteristic and the peak revolu- 
tions per minute raised by at least 200; the 
whole of the valves are now inclined at 12} deg. 
towards the ports, with a simplified combustion 
chamber shape. An enlarged inlet manifold 
and a Zenith carburetter, in some cases 
governed, have been incorporated. The use of 
higher speeds has caused the cast iron pistons 
to be replaced by light alloy, and a new con- 
necting-rod with fully floating gudgeon pin has 
been adopted. The combined effects of cooler 
running piston and better combustion chamber 
shape have allowed a compression ratio increase 
to 6-75 (the larger engine has a figure of 6-85). 
An interesting commentary on thermal efficiency 
is given by the gross power of the small engine, 
which, being 100 h.p. at 3600 r.p.m., exceeds 
that of the diesel. 
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It may be worth while to examine the applica- 
tions of. these three somewhat similar engines. 
The new oil engine displaces the Perkins * P.6” 
from Bedford specifications, and is the diesel 
option on all those chassis in which both the 
petrol engines may be installed (except that 
4 and 5-ton trucks may have the 300 cubic inches 
petrol engine only when exported, while the long 
wheelbase, 6-ton vehicle is not supplied with 
the smaller engine in forward control form). On 
vehicles from 25 cwt to 3 tons the 214 cubic 
inches engine is used in its ungoverned form, and 
the alternative is the “* P.4”’ indirect-injection 
engine. On the “ Big Bedford” vehicles the 
diesel option is the “‘ R.6,” or, for export, the 
Leyland “Comet 100,” giving respectively 96 
ror Tg h.p. at 2400 r.p.m. on 340 and 350 cubic 
inches. 


Exhibition of Wide-Band Radio 
Communications Equipment 


A DEMONSTRATION and display of wide- 
band systems for radio communications was 
given last week at the Writtle laboratories of 
Marconi’s Wireless Telegraph Company, Ltd., 
Chelmsford, Essex. The purpose of the exhibi- 


Technical Summary of Marconi 


Microwave Radio Link Equipments 


cate equipment can be arranged if required. 
An economical combination is obtained by using 
T.M.C. channelling equipment having 6kc/s 
channel spacing and giving a maximum of 
sixteen telephone channels. 
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HM100/150 HMI81 HM200/250 HM300/350 | HM311 
Radio-frequency, Mc/s ... | 2s 150-200 | 1750-2300 | 3900-4200 | 4580-4860 
R.F. power, W a | 10-20 10 10-15 0-25 | 0-15-0-25 
F.M. deviation, kc/s | + 200-300 {120 | Telephony : +200kc/s! + 1500 +500 

| } (r.m.s.) perchannel | 

| Television : 6 Mc/s 
Messband, eels... 22. se 000 | 3-4-204 12-108 Telephony: 60-1056kc/s 12-312 300-60 

| elevision : 25 c/s~ 

: 5 Mc/s 
Channel capacity ... ... ... } 48 24 Telephony : 240-600 72(60 + 12) Portable 1 +3 
Television : 1 in each Fixed 12 
direction 
Power consumption, kVA .| Terminal 0-8 0-5 Terminal 1-1 Terminal 0-9 1-2 
Repeater 1-1 Repeater 2-0 Repeater 0-8 
Blower 0-75 








tion was to show the main kinds of equipment 
that the company has developed for multi- 
channel radio relay systems as an alternative to 
cable systems, particularly in undeveloped areas. 
Typical uses range from simple point-to-point 
links, to complex main trunk systems carrying 
several supergroups of telephone channels or a 
television signal. 

Technical details of the main microwave radio 
links are summarised in the accompanying table. 
At the lower end of the frequency spectrum 
there is the v.h.f. multi-channel radio telephone 
link, HM100/150. This equipment, which con- 
sists of the HM100 radio terminal with its 
associated repeater HM150, is designed to carry 
up to forty-eight telephone channels. Conven- 
tional circuit techniques are used throughout. 
In the transmitter a phase-modulated crystal 
oscillator is followed by a series of harmonic 
generators and a power amplifier with an output 
of 10W to 20W. Interference between adjacent 
transmitters and receivers is eliminated by 
tuned cavity filters. Both transmitters and 
receivers are superheterodynes with cascade 
input circuits. At repeaters, which are non- 
demodulating, the received signal is converted to 
i.f., amplified and then mixed with the output of 
the transmitter oscillator to give the final radiated 
frequency. The repeaters are normally unat- 
tended. Full supervisory and test facilities are 
provided at the terminals. Additional remote 
control equipment is available, to allow the 
terminals to be unattended. 

For smaller schemes the HM181 radio ter- 
minal is designed to provide a simple and 
economical link over short distances between 
two terminals working point-to-point, or with a 
limited number of repeaters. Eight, sixteen or 
twenty-four telephone channels can be accom- 
modated in the bandwidth available. A repeater 
station consists of two terminals connected back- 
to-back at baseband frequencies but voice 
channels can be dropped or inserted if carrier 
equipment is added. Normally the stations are 
unattended and automatic switching-in of dupli- 
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Direct frequency modulation with a.f.c, cir. 
cuits is used on the transmitters to ensure 
stability ; otherwise conventional circuit tech. 
niques are used. Selenium rectifiers provide the 
d.c. power supplies. 

For the demonstration, terminals were installed 
at Writtle and Bromley, with back-to-back 
terminals constituting a repeater station at 
Rivenhall, all equipment being duplic?icd fo; 
stand-by duty. At Writtle and Bromley /.M.c. 
eight-channel telephone terminals were i \stalled 
in association with the radio terminals. 

‘In the frequency band 1700 to 2300 Mc/s 
the HM200 terminal and HM250 repeater equip. 
ments are designed to provide main trunk routes 
with an ultimate capacity of ten superzroups 
of 600 telephone channels, or one television 
channel. A typical installation, constituiing a 
radio telephone link across the River Tavus in 
Portugal, was described in our issue of January 
25 last, page 149. 

Briefly, the terminal transmitter in an HM200/ 
250 radio link consists of a wide-band modulator 
feeding an f.m. signal at 70 Mc/s into a u.hf. 
mixer whose output is amplified by two stages of 
travelling-wave tubes to a level of 15W for the 
aerial. The local oscillator u.h.f. signal to the 
mixer is crystal-controlled. The incoming signal 
to the terminal receiver is fed to a low-noise 
travelling-wave tube amplifier and then to a 
u.h.f. mixer, where it is converted to 70 Mc/s, 
fed to an if. amplifier and then demodulated. 
Different kinds of modulator/demodulator 
(modem) unit are used for television and for 
multi-channel telephony. 

A non-demodulating repeater is used; it 
requires no traffic i.f. stages since the travelling- 
waye tubes amplify at the radiated frequencies. 
The’ received signal is amplified by a low-noise 
travelling-wave tube and is then converted in a 
crystal mixer to the retransmitting frequency 
and passed to a threestage travelling - wave 
tube amplifier having an output of 10W. A com- 
plete repeater comprising “‘ go”’ and “ return” 
paths thus uses eight travelling-wave tubes. 

Paraboloid aerials are used and transmitter 
and receiver are diplexed into a single aerial. In 
a single-path system, therefore, repeater sta- 
tions need only two 
aerials and _— terminals 
need only one. 

As with the radio 
links mentioned above, 
full supervisory and test- 
ing facilities are pro- 
vided, and unattended 


operation is normally 
envisaged. For addi- 
tional reliability twin 


path radio systems hav- 
ing automatic _ traffic 
switch-over can be used. 

In the recent demon- 
stration the link consisted 
of two terminals and 
one repeater. As before, 
the repeater was at Riven- 
hall, but both terminals 
were at Writtle and in 
adjacent racks. Each 
terminal could be con- 
nected to either a chan- 
nelling modem unit or 
a television modem unit. 
An A.T. and E. tele- 
phone channelling termi- 
nal was associated with 
each channelling modem 
unit. 

In the s.h.f. band the 
HM300/350 equipment 
is designed to provide 
economical _ long - dis- 
tance communication 
over radio links requiring 
up to nine}repeaters and 
carrying one supergroup 
of sixty channels ; twelve 
additional channels can 
be added if required. 
Because it operates in 
the 4000 Mc/s band this 
equipment is specially 
suitable for areas where 
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the artificial noise level is high or where the 
jower bands are already crowded. 

Velocity modulated tubes are used in the r.f. 
circuits, the same basic circuit being used in 
transmitter, receiver and repeater. In the ter- 
minal transmitter (HM300) the output of an f.m, 
oscillator is multiplied up to about 160 Mc/s and 
applied to a crystal mixer. A harmonic ‘at the 
desired r.f. is selected and the output of the final 
rf, power oscillator is locked to this frequency 
by an if. feedback circuit. At the terminal 
receiver the incoming signal replaces the locally 
generated crystal harmonic so that the circuit is 
basically similar, the excess power from the 
receiver r.f. oscillator being absorbed in a dummy 
joad. A typical transmitter is illustrated here. 

The repeater (HM350) is identical with the 
terminal receiver except that the dummy load 
is replaced by an aerial system and the power is 
radiated. Thus, although the signal passes 
through i.f. amplifiers there is 20 dB of feedback 
to minimise any noise or distortion introduced by 
the repeater. Comprehensive metering and 


monitoring facilities are built-in and stand-by | 


equipments with automatic changeover can be 
provided. : 

Paraboloid aerials of half-dish form with wave- 
guide feed are used with this equipment. At 
sites where long waveguide runs would be 
required, because of the height of the tower, the 
aerials can be installed near the tower base and 
directed at passive reflectors mounted at the top 
of the tower. 

Such an arrangement was used for the repeater 
station at Rivenhall, which for the recent demon- 
strations was “ loop-connected ” with the ter- 
minal station at Writtle. A.T. and E. channelling 





Fig. 2—Portable s.h.f. multi-channel equipment for 
use in open country. Portable channelling equipment 
is available to provide four telephone channels over a 
single link with a range of 25 miles without repeaters 


equipment associated with the Writtle terminal 
was on exhibition. 

The exhibits on show at the recent demonstra- 
tion at the Writtle laboratories included an 
HP311 portable s.h.f. multi-channel equip- 
ment which can readily be set up on a tripod 
(as illustrated here), to provide temporary point- 
to-point communications, for example, on large 
construction sites or pipeline schemes. A range 
of about 20 miles can be expected over a direct 
link, but the effective range of a system can be 
extended by using repeaters consisting of two 
HP311 equipments connected back-to-back. 
Normally the HP311 link is used in conjunc- 
tion with portable carrier equipment providing 
one audio-channel and three carrier channels 
but, by using standard fixed carrier equipment, 
up to twelve channels can be handled. 

As illustrated here, the equipment consists of a 
transmitter/receiver, together with two dipole 
aerials having 16in diameter paraboloid reflectors, 
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mounted on a tripod. The transmitter/receiver is 
housed in a die-cast aluminium case which is 
made shockproof and hermetically sealed. .A 
separate case houses the power pack and an 
alarm bell is provided to give warning of power 
failure. 

The HP311 radio link works in the 4580- 
4860 Mc/s band, with wide-band frequency 
modulation. The transmitter uses a cavity 
resonator and a Heil tube. Modulation is by a 
push-pull modulation amplifier into which the 
speech input is fed via a variable attenuator 
adjustable from the front panel. The input 
impedance is 140 ohms, balanced. The receiver 
is a superheterodyne using a local oscillator of 
the same kind as that used in the transmitter. 
The mixer stage employs a silicon crystal and an 
if. of 40 Mc/s is produced. There are four 
stages of i.f. amplification, followed by an ampli- 
tude limiter and a discriminator. A push-pull 
low-frequency amplification stage follows, and 
the output impedance is 140 ohms, balanced. 
Automatic frequency correction is introduced by 
controlling the value of h.t. supplied to the 
resonator and anode of the local oscillator. The 
special circuit used for this purpose is fed from 
the discriminator. A trigger circuit, which 
operates from the limiter stage, energises a relay 
in the event of failure of the carrier. This relay 
completes an alarm bell circuit. The relay circuit 
can be adjusted to operate at different threshold 
levels, and will hold the alarm bell circuit in 
operation while the carrier remains below the 
pre-set limit. 

There are only three main controls and they 
are mounted on the front face of the transmitter- 
receiver case ; they consist of transmitter and 
receiver tuners and modulation level controls. 
A feed-meter and an associated selector switch 
are also incorporated to facilitate checking of 
voltages and currents in all important parts of the 
circuit. 

A system control box is associated with each 
terminal and repeater equipment, but where two 
repeater stations are very close together only one 
system control box would be required. 

All power supplies are produced by the power 
pack, which operates from 100—-125V or 200-250V 
single phase, 45-65 c/s a.c. mains. A portable 
petrol engine-driven generating set mounted on 
skids can be provided for use where no mains 
supply is available. The set is rated at SOOVA 
and has a 10 gallon fuel tank. 





Travelling-Wave Tubes as U.H.F. 
Amplifiers 
IN the HM200/250 u.hf. — frequency- 
modulated radio telephone system described 
above, the main amplifiers are travelling-wave 
tubes designed and manufactured by the English 
Electric Valve Company, Ltd.,Chelmsford, Essex. 
The principle of operation of these travelling- 
wave tubes is illustrated in the accompanying 
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in the helix. The. collector electrode is kept at 
the same high potential as the anode of the 
electron gun assembly. 

To use the tube as an amplifier the u.h.f. 
input signal is fed to the end of the helix near 
the electron gun and a travelling wave is set up 
along the helix, This wave derives energy from 
the electron beam as it travels along the helix 
and an amplified u.h.f. signal can be taken 
from the remote end of the tube. 

The amplifier is non-resonant and its frequency 
response is mainly determined by the nature of 
the input and output coupling arrangements. 
The band width available is much greater than 
that required for commercial multi-channel or 
television links. Power gains of 25 dB can be 
obtained. 

The three types of travelling-wave tube which 
are used in the “HM200” and ‘“ HM250” 
equipments are: a low-noise tube, suitable for 
the initial amplification of weak u.h.f. signals ; 
an intermediate tube, and a high-power tube, 
suitable for power amplification, having a gain 
of 25dB when delivering an output of 10W to 
15W in the 2000 Mc/s band. 

The intermediate tube is also used in a fre- 
quency-changing stage, with a gain of the order 
of 20 dB. 

Since the output tube is followed by a long 
aerial feeder and is subject to the “‘ long line ” 
effect, these tubes must be particularly well 
matched to the feeder. All tubes are tested from 
1700 to 2300 Mc/s in the following way :—The 
S.W.R. (standing wave ratio) measured as a 
signal source is continuously swept in frequency. 
During this cycle the h.t. on the travelling-wave 
tube is repeatedly switched on and off. The 
change in S.W.R. between the “ on” and “ off ” 
position does not exceed 1 dB. To obtain this 
performance, it is necessary to maintain high 
accuracy in the pitch of the helix inside the 
travelling-wave tube. In addition, the attenuator 
on the helix must itself present a mismatch to 
the helix of less than 1-002 (V.S.W.R.). This 
condition has been achieved by carefully tapering 
the attenuator towards the output end of the 
helix, and testing the attenuator separately before 
inserting it in the tube. 

These travelling-wave tubes were illustrated 
in an article describing a multi-channel radio 
telephone link for Portugal, on page 149 of our 
issue dated January 25 last. 





Jungle Clearance and Reclamation 


AT a meeting of the Institution of British 
Agricultural Engineers, in London, on Tuesday, 
a paper on “ Jungle Clearance and Reclama- 
tion’ was read. It has been prepared by Mr. 
C. S. L. Frances, plant and equipment manager 
to the Gal Oya Development Board, Ceylon, 
who was unable to attend the meeting. His 
paper was therefore presented by Mr. J. E. 


Mayne. 
In his paper, Mr. Frances has dealt with 
several aspects of land 
oe development from con- 
pal ditions of unfarmed 


jungle, bush or forest, 
into productive agricult- 
ural land, In particular, 
he refers to land clear- 
ance, principles of the 
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elopment projects, work 
costing, standardisation, 
the selection of road 
vehicles, and future 
developments. The 
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Simplified schematic diagram of a travelling-wave.tube 


diagram. Amplification is effected by interaction 
between the signal in the form of an electric 
field travelling along a helix, and a narrow 
electron beam directed axially through the helix. 
The electron beam emanates from a conventional 
electron gun assembly set at one end of the 
helix, with a collector electrode mounted at the 
other end. A long, cylindrical, evacuated glass 
envelope contains these components. A solenoid 
assembly surrounding this tube produces an 
electromagnetic field which centralises the beam 





paper begins with some 
comments on what the 
‘ : author calls the “* engin- 
eering agricultural link.” He says that mechanis- 
ation is a means whereby manipulative capability 
is utilised to extract and direct the power and 
purpose of a machine. No longer do our limita- 
tions stem from the physical duress of manual 
labour. Operative efficiency, rates of accomplish- 
ment, the speed at which work is done, the rate 
of extraction of power potential and its applica- 
tion to the task, are dependent upon the effects 
on the operator of the relative rigour of the 
conditions of work on the one hand and the 
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rated output of a machine on the other. The 
former is’ diminishing rapidly as a result of a 
progressive move towards power-assisted con- 
trols. The power output of machines is increas- 
ing and in the final analysis man will be proven 
to possess an infinite capacity to produce work ; 
machine size alone is the limiting factor. 

To-day there has been attained an alliance 
between the engineer and agriculturist—a present 
closer companionship in once remotely related 
sciences. It has been made essential by the 
urgent need for increased food production and 
conservation and development of natural re- 
sources, tasks which by virtue of their magnitude 
can be accomplished only by mechanised means. 
The development of the American continent 
and certain Commonwealth countries was made 
possible in a relatively brief period mainly 
because the great food potential became realisable 
under a system of mechanised processes. Vast 
areas beyond the capacity of man and animal 
power to handle were brought under the plough, 
and because population expansion and industrial 
advancement depend largely upon a balanced 
agricultural economy, the machine must be 
accepted as an indispensable component of 
modern farming practice. 

The paper goes on to emphasise that on 
mechanised schemes abroad, proper considera- 
tion should be given to the training of technical 
personnel. At the outset, Mr. Frances says, it is 
necessary to take into account the local back- 
ground from the industrial and agricultural 
points of view if training is to be established upon 
a basis incorporating the specific characteristics 
governing the present stage of development and 
those which will shape the future. Thé drain on 
financial resources as a result of ignorance of 
basic fundamentals of mechanical engineering is 
great. The plant and equipment are heavily 
punished, not by deliberate intent, but as a 
result of the absence of the enlightened mind and 
failure to develop the “‘ engineering soul.” One 
of the first buildings to be put up on any large- 
scale land development project, it is urged, 
should be the training school. 


FUTURE DEVELOPMENT 


After dealing in some detail with management 
and operating costs, and mentioning procedure 
in land clearance operations, and the selection 
of equipment, Mr. Frances puts forward some 
views on future developments in land clearance 
and reclamation work. On this matter, he says 
that the deeply entrenched preference for the 
heavy crawler tractor for earth-moving applica- 
tions and first tillage operations on virgin lands 
is slowly yielding place to the wheel tractor in 
the 200 h.p. classification. This is a powerful 
challenge to the long-sustained supremacy of the 
crawler, as in all things material, “* the old order 
changeth, yielding place to the new.” Tribute 
is paid to the “ crawler,” to its magnificent past 
and to current achievement and to what it will 
do in the future before its day is done. The 
scientist and engineer are, however, moving 
towards placing the power behind the earth- 
mover on to wheels, thus achieving a twofold 
main purpose—elimination of the steel track 
system, with its multiple wearing parts, and its 
replacement with pneumatic-tyred wheels where- 
by a greater extractive potential from “‘ mechani- 
sation as a prime accelerator” will become 
possible. 

Drawing from current experience—with both 
kinds over a diversity of applications—it is 
Mr. Frances’s view that 75 per cent of land 
development and earth-moving work generally 
could be accomplished with the “‘ big wheelers ” 
at higher rates of accomplishment and lower 
cost. His most effective earth-moving teams, 
he claims, are groups of “ overhung ” motorised 
scrapers push-loaded and generally supported by 
wheel-dozers. Good haul roads, sound co- 
ordination and manipulative competence, haul 
speeds of 20 m.p.h. and high spreading velocities 
accelerate earth-moving to a pitch of speed and 
rhythm undreamt of a few years ago. The 
crawler tractor and trailing bucket scraper as an 
earth-moving unit may still have its purpose 
under certain specific operational circumstances, 
but it will be a diminishing usage. 

The major outlets for heavy earth-moving 
equipment abroad are in Asia, Africa and 
Australia, and it is urged that the British manu- 
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facturer should examine 
the prospects and go 
for the “ big wheeler ” 
market. The movement 
on to pneumatic wheels. 
in order to gain the 
advantage of speed, 
Mr. Frances comments, 
is as sure as was the 
progression from stone 
to iron, to steel and re- 
lated alloys, to the 
rubbers and plastics of 
the modern age. 

Finally, Mr. Frances 
points out that the age in 
which we live is govern- 
ed closely by technologi- 
cal factors. In such an 
age, therefore, it is im- 
portant to ensure that 
educational procedures 
will establish a sound 
relationship between so- 
ciological and cultural 
considerations and the 
technical demands levied 
upon a people. At pre- 
sent it would appear that 
the educational system 
in vogue tends to di- 
rect those of the higher intellectual standards into 
academic occupations and those of lesser ability 
into industry and agriculture. It is becoming in- 
creasingly evident, Mr. Frances remarks, that in 
manipulative skills many Asiatics surpass com- 
parable groups in other countries within his 
experience, but in comprehension of the technical 
character of work they are relatively backward. 
Limitations of certain educational procedures 
can contribute in no small way to the creation of 
a “‘ management void ” lying between the work- 
man and higher levels of administration. The 
numbers of those who are competent to fill the 
posts of foremen and works managers and who 
are, in effect, the “ filling in the sandwich” are 
at present small, and until this gap is bridged 
technological advancement will continue to be 
impeded. 

These are factors, Mr. Frances suggests, which 
give cause for concern. There are large concen- 
trations of mechanical equipment abroad, much 
of which is not yet deployed, whilst that which is 
at work is not fully extended. From the point of 
view of agricultural economics, the situation is 
complicated, in that deficiency in skilled manage- 
ment can reduce this machinery to a state such 
as would bring embarrassment and possible 
menace to the cause which endeavours are being 
made to serve. Mechanisation to be sound must 
be slow and planned to a scope scaled to those 
limits defined by existing proficiency standards 
and expanding only as these improve. 





Seam-Welded Aluminium Tubing 


PARTICULARS have been received from T.I. 
Aluminium, Ltd., of an automatic machine 
installed at that company’s Resolven works for 
the continuous seam welding of aluminium tubes. 
In sending these particulars the company points 
out that for many years it has been common 
practice in the steel industry to produce tubes by 
seam welding, but the successful application of 
this process to the manufacture of aluminium 
tubing is a recent development. There are two 
main reasons to account for the slower progress 
in the aluminium field. First, it was not until 
the introduction of the inert gas-shielded arc 
process that the difficulties in obtaining uniform 
and satisfactory welds with aluminium could be 
largely overcome. Secondly, the main demand 
for aluminium tubing has been confined to sizes 
up to 2in in diameter, and this demand could be 
economically met with tubes produced in the 
seamless form by extrusion and drawing. 
Recently, however, the demand for larger sizes, 
up to 8in in diameter, has rapidly increased, and 
it is in the manufacture of these larger sizes that 
the economical advantages of seam welding can 
be best realised. 

The interest in large size tubes has principally 
arisen from the widening use of sprinkler irriga- 
tion. In the North American Continent par- 
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Strip feed end of automatic continuous machine for producing seam-welded 
aluminium tubing up to 4in diameter at a speed of 30ft per minute 


ticularly the demand for this purpose has had a 
spectacular growth, and it was there that success- 
ful methods for producing seam-welded alu- 
minium tubing were developed. One of these 
methods not only permits economic production 
of high quality tubing, but the capital outlay 
for the tube-making machine and ancillary 
testing equipment is relatively low. It is an auto- 
matic tube-welding machine based on this 
American design which has been constructed 
in this country and installed at the Resolven 
works of T.I. Aluminium, Ltd. The company 
has acquired world rights for the construction 
and operation of the machine outside the U.S.A., 
and this is believed to be the first machine 
installed in Europe to make seam-welded alu- 
minium tubes on a commercial scale. 

The machine, as can be seen in our illustration, 
consists primarily of a conventional roll-forming 
train, with eight pairs of rolls driven through 
gearing by a 74 h.p. motor. The strip fed to the 
machine first passes through a roller leveller 
incorporating a milling device which prepares 
the edge of the strip for welding. In passing 
through the rolls the strip is formed in stages into 
an open tube, and at the end of the forming 
train the edges are cleaned and then butted 
together as they pass beneath a standard B.O.C. 
Mark IV argon arc welding head. Here the arc 
is struck between the tungsten electrode and the 
strip edges, and the molten pool of metal, some 
tin wide, is protected from oxidation by the 
argon shield. After wélding, the tube passes 
through reduction and sizing rolls which serve 
to roll out the welding bead and impart a high 
degree of concentricity to the tube. A flying 
saw at the end of the machine line can be set to 
cut the tubes into any required length up to 40ft. 
An exhaust duct system is connected to the edge 
preparation and cleaning stations of the machine, 
and this, together with a fan which directs a 
constant flow of air over the leveller, ensures 
that all traces of dirt are removed before welding 
of the strip takes place. 

This particular machine is designed for making 
tubes up to 4in diameter in gauges up to 0- lin, 
and it has been found that the most economical 
production speed is 30ft of tube a minute. It is 
stated that the tubes produced have a high degree 
of accuracy, both as regards diameter and 
concentricity, and that the diameter can be con- 
trolled within 0-004in. At frequent intervals, 
while the machine is running, short test pieces 
of tubing are cut off for flare testing. This is 
done by driving a hydraulically operated conical 
drift into the tube bore until breakage occurs. 
The amount of expansion prior to fracture 
and the nature and position of the break, indicate 
to the operator the quality of the tubing which 
is being produced. Should this quality not be up 
to standard the necessary adjustments to the 
machine can be quickly made. 

Immediately after parting off, each length of 
the tube is transferred to a test tank where it is 
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filled with water, and a hydraulic pressure up to 
minimum of 350 Ib per square inch applied. 
The makers point out that although the tubes 
are routine tested to 350 lb per square inch, theit 
bursting pressures are considerably higher 
and range from 850 lb to a maximum of 1200 Ib 
per square inch. Normally tubes are being pro- 
duced on the machine in a special aluntinium/ 
magnesium alloy which combines good forming 
ies with high strength, but tubes in most 
aluminium alloys can be satisfactorily produced 
by welding. 





Rotary Milling Machine 

A SEMI-AUTOMATIC rotary milling machine, 
known as the “ Rotamill,” which is now being 
distributed by Dowding and Doll, Ltd., 346, 
Kensington High Street, London, W.14, is 
designed for the milling of slots, flats and faces, 
in components continuously at high speeds. The 
machine, to be seen in the accompanyng illustra- 
tion, can be arranged for a continuous cycle with 





Semi-automatic milling machine for cutting 
: slots, flats or faces on small components 


automatic clamping of components which are 
loaded whilst machining is in progress. 

The machine has a rigid cabinet base, incor- 
porating a coolant tank and chutes for com- 
ponents and swarf, and it carries a workhead 
and a cutter head on machined beds. The cutter 
head is adjustable across the width of the 
machine at the rear, and the workhead at the 
front of the machine is adjustable on slides set 
at right angles to the cutter head ways. The 
main 5 h.p. motor drives the cutter head spindle 
through interchangeable pulleys providing four 
standard speeds of 132, 211, 330 and 528 r.p.m. 
It is designed to take cutters up to 6in diameter 
and a gang of cutters up to 6in wide. Axial 
adjustment of cutters is made through a fine- 
pitch screwed collar mounted on the cutter 
arbor. 

The workhead spindle is driven by a worm 
wheel and its faceplate has a 5}in diameter 
spigot for locating work fixtures, and tapped 
holes are provided on fixed centres for fixture 
holding bolts. Drive to the workhead is trans- 
mitted through a gearbox giving fourteen feed 
rates for each cutter speed. The workhead is 
designed to take work fixtures up to 1 5in diameter 
by 74in wide and it can be adjusted through its 
slide to give centre distances from 6}in to 9}in 
from the cutter head. An outboard bearing 
bracket can be used in conjunction with the 
workhead, and when automatic side clamping 
is used for the work fixture a pressure roller 
device is mounted on a special bracket. 

If required, a fast traverse equipment can be 
provided for rotating the workhead at a speed of 
565in per minute between the component stations 
on a fixture. This equipment incorporates two 
setting collars, each of which has a series of 
holes on its periphery, into which trip pins are 
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set in accordance with the number of cutting 
stations on the workhead. One of these trip 
pins starts a rapid rotation motor when it con- 
tacts a micro switch, and the second pin actuates 
a second switch to stop the motor for the normal 
feed rate to come into effect. 

The basic machine provides continuous rota- 
tion of the workhead spindle, and is intended for 
milling components suitable for automatic 
clamping in fixtures. More awkwardly shaped 
components can be handled by two or more 
simple fixtures carried on the workhead face- 
plate. In this case fast traverse equipment can 
be used to adavantage to index the workhead 
spindle between stations at the end of each slower 
speed milling operation. With either continuous 
cutting or intermittent rapid traverse between 
stations work loading is always carried out at 
the front of the machine during the milling 
operation on a component on the opposite side 
of the fixture. 





_ Film Processing Equipment 

A SPIRAL film processing outfit and companion 
film drier for use on 35mm film has recently been 
introduced by Kodak, Ltd., Victoria Road, 
Ruislip, Middlesex. for the pro- 
cessing and drying of both perforated and un- 
perforated 35mm film in departments concerned 
with Pm ag cine-radiography, instrument 
recording, and microfilming, the spool will 
accept 100ft lengths of film, together with the 
integral leader and trailer which is included when 
the film is supplied on daylight loading spools. 
The equipment consists essentially of a large 
spiral spool mounted beneath a film housing on a 
loading column, and provides a _ simple 
method of winding the film into a spool 
of spiral groove design. A chute attached to 
the film housing accepts the free end of the film, 
curving it slightly to reduce its width, and guides 
it directly into the grooves at the centre of the 
spool, where, as it leaves the chute, it resumes its 
normal width. The grooves on the rigid plastic 
cheeks of the spool are undercut to assist the 
entry of the film and only a very narrow edge 
comes into actual contact with the film. 

The loader, used in conjunction with its 
companion drier, enables processing to be 
carried out from start to finish without the film 
being handled at any stage after the free end has 
been attached to the spool. When processing is 
completed, the loaded spool is placed on a 
vertical spindle in the centre of a circular tray 
which also acts as the base-plate of the drier ; a 
conical housing, carrying the heater and a 
combined electric motor and fan, is then placed 
over the spool. A red lamp indicates when the 





Spiral film processing outfit for 35mm film up to 100ft 
in length 
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drier has been switched on, and the circuit has 
been so arranged that the heater cannot be 
switched on unless the motor is running, thus 
preventing any risk of damage caused by over- 
heating. The flow of warm air wiiich causes ihe 
spool to rotate is distributed evenly over the 
surface of the film. 


British Standards Institution 


All British Standard Specifications be obtained from the 
Sales Department of the Institution at 2, eark Street, London, W.1. 


DEFINITIONS OF HEAT INSULATING TERMS 





AND METHODS OF _ DETERMINING 
THERMAL CONDUCTIVITY 
No. 874: 1956. Price 5s. The first part of this 


revised standard contains definitions of heat insulat- 
ing terms and a summarised list of relevant symbols 
and dimensions of units. The measurement of 
thermal conductivity and emissivity is described in 
the second part, including methods used for different 
types of materials for various temperature ranges. 
Conversion tables for units in common use are pro- 
vided in the appendices. 

As in the previous edition, a purpose of Part I of 
this standard is to provide means of.establishing con- 
sistency in definitions of terms, particularly in order 
that there should be as little conflict as possible with 
analogous terms used in other countries and with the 
view to rectifying confusion which may exist in the 
use of such words as conduction, conductance and 
transmission. One of the changes made is the 
adoption of the joule as the fundamental unit of 
heat in accordance with B.S. 350 : 1940, Amendment 
No. 4, October, 1953 (P.D. 1715), which also defines 
the corresponding values for the revised steam table 
“‘ British thermal unit’’ and the revised steam table 
“calorie.” The effect of this change on heat insulation 
calculations is negligible. 

A complete revision has been made of the methods 
used for measuring thermal conductivity, thermal 
conductance and thermal transmittance of heat 
insulating materials and structures. Since properties 
of materials, including thermal conductivity, may 
change during the working life, provision is not made 
in this standard for general requirements for thermal 
insulating materials. 


ALUMINIUM AND STEEL-CORED ALUMI- 
NIUM CONDUCTORS FOR OVERHEAD 
POWER TRANSMISSION 

No. 215 : 1956. Price 3s. 6d. each part. In this 
revision of B.S. 215 : 1934 the standard has been 
divided into two separate self-contained parts, 
(1) “ Aluminium conductors for overhead power 
transmission purposes” and (2) “* Steel-cored alu- 
minium conductors for overhead power transmission 
purposes.” : 

The number of standard sizes has been reduced and 
= reduced lists contain some sizes which did not 

in the 1934 edition. The amendment 
o lished in 1952 to provide for changes in manu- 
facturing technique has been incorporated in this 
edition with some further modifications. A wrapping 
test replaces the elongation test for aluminium wires 
and the wrapping test for steel wires is now the same 
as that specified in B.S. 2763 for steel rope wire. The 
procedure for sampling and testing has been revised. 
In previous editions of B.S. 215 the maximum 
resistance of each size of aluminium wire was specified. 
In this revision the maximum resistivity of the material 
is specified and is the standard value on which world 
agreement has been reached by the International 
Electrotechnical Commission. The values of other 
physical constants of aluminium and of steel core 
wire given in this edition have also been 
or provisionally agreed by the I.E.C. Appendices 
give information on the strength of stranded and 
composite conductors and on modulus of elasticity 
and coefficient of expansion. An innovation, in each 
part, is a list of commercially accepted code names 
for use in ordering British Standard conductors. 


PAPERS FOR ELECTRICAL PURPOSES 


No. 698 : 1956. Price 7s. 6d. Because of the 
urgent need for a British Standard for insulating 
papers at the time, the first edition of B.S. 698 was 
published in 1936 without waiting for the results of 
some experimental work which was then being done 
by the Electrical Research Association. This work 
was interrupted by the war, but has since been com- 
= and B.S. 698 has now been revised accord- 
ingly. 

Many changes in detail have been made and the 
opportunity has been taken to adopt, wherever 
possible, methods of test recommended by the 
technical section of the British Paper and Board 
Manufacturers’ Association. Appendices deal with 
conditioning specimens for test ; determination of 
thickness, substance, electric strength, tensile strength, 
tearing strength, oil absorption, air permeability, 
mineral ash, pH value, conductivity of water extract, 
and other properties ; a method for carrying out test 
for conducting paths in capacitor tissue paper ; and 
a description of a suitable oven for ageing paper. 
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Industrial Production 


A meeting of the National Production Advisory 
Council on Industry was held in London last 
Friday, and was addressed by the Chancellor of 
the Exchequer, Mr. Peter Thorneycroft. The 
Chancellor said that, last year, a larger share of 
our national resources went into new factories 
and into new and better plant, and more was 
earned than was spent abroad on current account. 
The country had come nearer to the necessary 
balance of payments surplus, but, the Chancellor 
added, a “ price had been paid.” In order to 
get more resources into exports and to keep 
imports down, the pattern of the economy had to 
be shifted, and demand had had to be held down 
at home. 


Mr. Thorneycroft went on to say that last year 
industrial production in this country did not rise, 
and the “real domestic product” in the first 
three. quarters went up only one or two per 
cent. Moreover, because of the big increase in 
incomes early in the year, the rise in incomes 
soared above the rise in output. Against a 
1 to 2 per cent rise in output, therefore, in the 
first three quarters of 1956 total incomes rose 
84 per cent. But, Mr. Thorneycroft continued, 
although the nation’s output rose little, it did 
rise last year. Since the third quarter there had 
been, of course, the blocking of the Suez Canal 
and the cut in oil supplies, a factor which must 
obviously hold back production. Nevertheless, 
the Chancellor said, industrial activity and 
employment had kept up well ; unemployment 
rose more than usual between December and 
January, but it was still under 2 per cent of the 
employed population. -One particular industry, 
the motor industry, had been hard hit, and there 
had been some relaxation of hire purchase 
restrictions to help it. What would help more, 
of course, was the reopening of the Suez Canal. 
But, the Chancellor went on, most of the workers 
who had left the motor industry had been able 
to find jobs elsewhere, and there were still a 
number of important industries which needed 
more labour, among them being coal, chemicals, 
machine tools and electrical machinery. The 
shortage of skilled labour, in fact, was wide- 
spread throughout industry; there was no 
general recession. 

As to the future, the Chancellor emphasised 
that over the years more industrial production 
was bound to require more imports. That, he 
said, had been the post-war experience ; from 
1948 to 1956 the yearly growth of industrial 
production averaged 4 per cent, and so did the 
yearly growth in import volume. There was, he 
added, no lack of export demand. It was strong 
and rising, and by our own efforts we could make 
it rise faster and further. Capital goods were 
one of the growing points of the country’s export 
effort, and new export orders for them were 
coming in a good deal faster last year than in 
1955. There were, Mr. Thorneycroft claimed, 
good prospects for overseas sales this year, and 
overseas sales accounted for nearly a third of 
manufacturing industry’s output. 


Overseas Trade 


The Board of Trade’s provisional figures for 
the United Kingdom’s exports and imports in 
January. show the effect of the blocking of the 
Suez Canal. The figure for imports, at 
£376,200,000, was the highest for many months 
and was 16 per cent above the average in the final 
quarter of last year. It undoubtedly reflects the 
disturbance of shipping schedules, as well as 
increased commodity prices and freight rates. 


Exports in January were valued at £261,000,000 
which was 1 per cent above the figure for January, 
1956, but 7 per cent below the monthly average 
in the last quarter of last year. Re-exports were 
valued at £11,700,000, which was 10.per cent 
below the monthly rate in the final quarter of 
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Industrial and. Labour Notes 


last year. The visible trade gap at the end of 
January was, thus, £103,600,000, compared with 
an average of £32,300,000 in the closing months 
of last year. : 


The Board of Trade explains that for the three 
months, November, December and January, 
covering the period in which the movement of 
trade has been affected by the closing of the 
Suez Canal, the average monthly value of United 
Kingdom exports was £269,000,000, and of 
imports £335,000,000. In both cases this was 
2 per cent more than the average for the first ten 
months of 1956. For the same three months, 
the average monthly trade deficit was £53,000,000, 
which was much the same as the average for the 
first ten months of last year. 


Budget Representations 


The Engineering Industries Association has 
sent to the Chancellor of the Exchequer a 
memorandum setting out various suggestions for 
consideration in the framing of the Budget. The 
main proposal made by the Association is that 
the whole question of banking facilities for long- 
term export credits, and the practical function of 
the Export Credit Guarantee Department should 
be carefully reviewed so that “‘ industry may be 
financially enabled to embark upon a maximum 
scale of exports of capital goods and major 
consumer goods in fair competition with all 
foreign manufacturers.” The taxation reliefs 
suggested in the memorandum include “ incer- 
tive reliefs’ for directors of private companies 
and for salary earners ; the removal of the petrol 
tax increase and a reduction in the rate of petrol 
tax to enable the price to be stabilised at ‘* pre- 
crisis ’’ level ; the removal of purchase tax on 
items included in production costs ; the restora- 
tion of investment allowances ; a reduction in 
profits tax rates, and an increase in profits tax 
abatement reliefs for smaller companies. 


In putting forward its proposals, the Engineer- 
ing Industries Association asserts that the credit 
squeeze has outlived its purpose and has brought 
to a standstill the progressive increase in pro- 
ductivity achieved in recent years, but it has 
failed to stabilise costs. Restrictions on home 
trade in goods with export potential, the Associa- 
tion says, must inevitably jeopardise essential 
export markets at a time when industry has to 
meet foreign competition in at least three main 
directions—price, delivery and credit terms. In 
the past few years, the E.I.A. adds, Budget 
representations have stressed the need for aids 
and encouragement for greater and more efficient 
productivity. The credit squeeze aimed to divert 
the fruits of this productivity into the proper 
channels, but the need for ever increasing 
efficiency remained. It is therefore alarming to 
learn, the Association comments, that “ the rate 
of capital expenditure by industry is slackening 
rapidly, so that the continued restriction may 
well cause the equipment of industry to jose its 
efficiency in comparison with the productive 
ability of foreign competitors.”” The Associa- 
tion’s memorandum goes on. to say that as a 
result of the redeployment of labour which has 
taken place in the past year, and the degree of 
under-employment which has resulted from the 
policy of restriction and the crisis in oil supplies, 
industry stands ready to resume its productive 
effort at maximum level. Continued modernisa- 
tion of methods, it is urged, must no longer be 
hampered. 


Traffic Receipts 


The British Transport Commission has stated 
that in the first accounting period of this year 
(the four weeks ended January 27) there were 
substantial increases in British Railways pas- 
senger and freight traffics. These increases, it 
says, were brought about by the diversion of 
traffic from the roads on account of the petrol 
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situation. The passenger receipts o:: British 
Railways in the four-week period were £42,009 
and the freight traffic receipts £29,045 .\) 0, the 
figures for the comparable period last ye + being 
£7,315,000 and £26,232,000, respectively. | ondon 
Transport passenger receipts were also higher 
but, as the Commission points out, the figures 
include the various surcharges imposed ‘1 order 
to cover the increased cost of fuel oil. 

About railway passenger receipts, th: Com. 
mission estimates that about 20 per cen of the 
increase, over last year, of 22 per cent, can be 
attributed to additional traffic resulting from fue} 
rationing. Of the 13 per cent increase in London 
Transport receipts, about half results from fuel 
rationing. The Commission says that the pro- 
portion of the increase in rail freight receipts 
attributable to diversion of traffic from road 
transport is more difficult to assess. The actual 
increase of 17 per cent in railway merchandise 
receipts is estimated to include 6 per cent from 
the yield of increased charges which were not in 
operation a year ago. But in considering these 
figures, the Commission adds, “it should be 
borne in mind that during last year there was a 
pronounced downward trend in this class of 
traffic, which has now been reversed.” About 
2 per cent of the 7 per cent increase in coal and 
coke transport receipts in January is attributed 
to traffic diverted from road to rail. 


" World Iron Ore Reserves 


In his statement to the annual general meeting 
of Colvilles, Ltd., held in Glasgow last Friday, 
Sir Andrew McCance, chairman and managing 
director, expressed the opinion that reserves of 
iron ore in the world, fortunately, seemed more 
than adequate to cover the foreshadowed expan- 
sion of the steel industry for many years to come. 
The discovery of new deposits, he said, was more 
than keeping pace with the exhaustion of the 
older deposits, but new mines, however, took a 
long time to bring into active production, par- 
ticularly when they were situated in out-of-the- 
way lecalities, as many of them were. Sir 
Andrew pointed out that the difficulties of 
transporting the ore from the mines to the centres 
where it could be used, involving as it did both 
rail and sea carriage, were already making 
themselves evident. 

The rate of expansion in steel production must 
be determined by the rate of progress in the 
development of the ore fields, both old and new, 
Sir Andrew added, but whether that develop- 
ment and progress were moving fast enough at 
the present time to keep pace with the world’s 
demand for steel was not yet clear. 

All these new ore fields were situated outside 


Britain and, unfortunately, this country was no ' 


longer in any position to take a prominent part 
in the promotion or encouragement of schemes 
demanding foreign investment, said Sir Andrew. 
We had been forced, or we had forced ourselves, 
into a secondary position in such matters so that 
the question of determining the rate of progress 
lay in other hands. Be that as it may, he con- 
tinued, the likelihood must not be excluded that 
during the next decade some slowing down in 
the rate of construction of new steel capacity 
might be brought about by the rate of progress in 
the development of raw material supplies. 

On the other hand, Sir Andrew said, it could 
not be said that any change was likely in the 
estimated growth of demand. Higher standards 
of living demanded higher earnings which could 
only be realised from higher production and a 
greater volume of trade, and experience had 


shown, he stated, that from whatever angle it 


was regarded, increased trade could only be 
maintained and kept in being by increased 
supplies of steel. In consequence, Sir Andrew 
concluded, it did not seem likely that the diffi- 
culties of past years in regard to supplies were 
going to change rapidly. 
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Union Railway and Harbour 
Developments 


By OUR SOUTH AFRICAN CORRESPONDENT 


INTRODUCTION OF DIESELS 


HIGHLIGHT of recent railway news is the 
A decision of the Union Government to provide 
£9,000,000 in its 1956-57 estimates of spending 
on railways, for 135 diesel locomotives and five 
diesel railcar sets. Tenders were invited recently 
for the supply of fifty general-purpose heavy diesel 
shunting locomotives and also for two diesel- 
hydraulic locomotives of the same horse- 
power. These shunting locomotives will initially 
be used for open line working on the Witbank 
and possibly other Reef sections, until they can 
finally be allocated to shunting depots. It has 
also been decided to build a diesel locomotive 
shed at an estimated cost of £200,000 at Germis- 
ton. This amount includes the cost of the 
necessary machinery. 

The general manager of the South African 
Railways, when referring recently to this decision, 
indicated that there will not be any large-scale 
replacement of steam locomotives by diesels, the 
ultimate aim being electrification, with diesels 
to be used in those areas where they have obvious 
advantages over steam or electric traction, 
such as, for instance, occur on sections which are 
far removed from the coalfields and where water 
shortages recur year after year, as well as in 
switching yards, and for inter-urban passenger 
traffic on non-e i sections. 

Until now the adoption of oil power has found 
little favour with the Union’s railway authorities 
in the face of the overriding attraction of the 
exceptionally low price of locally-mined coal. 
Apparently this factor is no longer regarded as 
the only valid consideration for their future 
choice of traction equipment, and indicates a 
growing realisation of the mounting seriousness 
of the problems presented by steam equipment, 
which needs not only coal but also feed water for 
the boilers. 

Diesel locomotives, of course, require no 
water for their operation, except in very small 
amounts for engine cooling. In all probability 
therefore, diesels will first be employed in some 
arid or semi-arid regions of the country, especially 
in those far away from the coalfields and traversed 
by railway tracks with steep gradients, which can 
be more efficiently handled by diesels than by 
steam locomotives. . 

It is understood that it has been tentatively 
decided to introduce diesel locomotives in main 
line service initially on sections between De Aar, 
a rail junction in the northern part of the Cape 
Province, and the port of Walvis Bay, on the 
western seaboard in South-West Africa. Such a 
decision would not be surprising in view of the 
statement made in the Jeffares Report (1931) 
upon the projected rail link between Rhodesia 
and Walvis Bay, to the effect that: “On the 
South African Railways over the South-West 
African system, 70 per cent of the traffic hauled 
represents the transportation of coal and water 
for locomotive purposes.” : 

The De Aar-Walvis Bay line has therefore 
never been self-supporting, and it is hoped that 
the use of diesels will help to reduce the deficit. 
The extension of diesel operations to some 
secondary lines in the Union and in South- 
West Africa is also contemplated. Oil-engined 
shunting locomotives will be used in the marshall- 
ing yards and docks of Cape Town, Durban and 
on the Reef. : 

The results of this experiment in the pre- 
liminary introduction of diesels to the railway 
system of the Union should provide valuable 
data for its further more extensive application. 
The recent completion, or near completion, of the 
Sasol works, whereby heavy oil becomes a 
product of local industry, has no doubt had some 
bearing on the decision to make this experiment. 
Of its ultimate success there can be little doubt. 
There are, undoubtedly, areas in the Union where 
steam locomotion is called for, just as there are 
areas where electrification is the only sound 





policy. When these are considered, however, 
there still remains a considerable proportion of 
the system which would be much better served 
by diesel traction. This is best realised, apart 
from other advantages, from the fact that the 
average requirements for equivalent work from 
the two types of locomotive are 1 ton of fuel oil 
to 9 tons of coal. In addition to this, it is perhaps 
not too much to hope that the ultimate success 
of the Sasol scheme will bring home the fact that 
coal is too valuable for burning. 

On the Rhodesian Railways operating experi- 
ence has revealed that the diesel locomotives haul 
heavier trains at faster speeds and that there 
are appreciable savings from various sources. 
Double-headed diesel trains require only one 
crew, as the locomotives are arranged for 
multiple-unit working. Wages for footplate 
staff have fallen by almost half, housing and other 
requirements were cut in direct ratio, whilst 
water requirements dwindled to domestic supplies 
only. These are no mean items to be considered 
in territories where manpower and water are 
scarce. 

Many railway systems, including that in the 
Union recently, have been losing more money 
than they can afford, and the re-equipment with 
diesel locomotives elsewhere has been found to 
be one way of warding off bankruptcy. The 
records of many overseas railway companies 
have conclusively shown that the replacement] of 
steam locomotives by diesels has led to lower 
operating costs and higher general efficiency, and 
there is no reason to expect that the results of 
“ dieselisation,” on however small a scale, will be 
different in South Africa. 

The prime savings effected by diesel locomo- 
tives result largely from the fact that the diesel 
engine is available for 95 per cent of its time and 
requires appreciably less servicing than the steam 
locomotive engine. Permanent way and bridge 
upkeep are also less due to the relative absence 
of * hammer blow ”’ in the case of the diesel. It is 
interesting to note, in the light of all this, that 
the Canadian National Magazine has reported 
that the funeral march of the steam locomotive 
continued when the Grand Trunk New England 
lines of the Canadian National Railways 
became fully “‘ dieselised.”” The last steam-hauled 
passenger trains between Portland and Montreal 
ran on June 19, 1956. 


ADDITIONAL STEAM AND ELECTRIC EQUIPMENT 


Included also in the necessary railroad expan- 
sion and modernisation programme is the pur- 
chase overseas of ninety-five steam and 106 electric 
locomotives. It is also proposed to buy 24,500 
new freight cars as well as 900 main line and 792 
suburban seat = cars plus 156 new electric 
motor coaches for suburban and inter-urban 
electrified services. When all this new stock is 
placed in service and track, marshalling yard and 
other improvements are completed, it should be 
possible for the South African Railways to cope 
adequately with the Union’s transport needs. 

The ninety-five steam locomotives mentioned 
above are fitted with integral cast steel engine 
beds and bogie frames manufactured in the 
U.S.A. and assembled in the Administration’s 
workshops at Soutrivier, Cape Town, and are 
being built by Beyer, Peacock, of England, and 
Messrs. Henschel und Sohn, of Germany. The 
first of an order of thirty-five locomotives placed 
with Messrs. Beyer, Peacock are now being 
delivered and the whole of this portion of the 
order has to be executed by the end of next 
month. Thirty of these engines will be used on the 
main lines of the Western Transvaal system and 
will be of the class GMA/M. The remaining 
five will be of the class GMA. Three of these 
will be allocated to Coligny and two to the 
Zeerust line. The order for the balance of sixty 
GMA/M locomotives is shared equally between 
Messrs. Beyer, Peacock and Messrs. Henschel 
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und Sohn and delivery in both cases must be 
completed by March, 1958. It is the intention to 
allocate thirty of these locomotives to the Natal 
system for use primarily on the North Coast 
line. The remaining thirty will be used on the 
main lines of the Eastern Transvaal system and 
on such sections as the Breyten-Piet Retief and 
later probably also over the Steelpoort line. The 
class GMA/M is the biggest branch line loco- 
motive in use on the South African Railways. 
The tractive force of the GMA and GMA/M 
locomotives is the same, but the latter have a 
bigger coal and water carrying capacity. Details 
of the GMA/M locomotives are :— 


Tractive force ... ... ... .. «-. GO,400Ib 

Total weight in working order... ... 191 tons 8 cwt 

ro length over coupling lines pa Pes ie 
_. ... =» Sarr per square inc 

Diameter of driving wheels... ... ... 4ft 6in 

Total wheelbase of engine ... ... 84ft 6in 

Tender coal capacity ... 14 tons 


Tender water capacity a HN pa 2100 gallons 
These engines are equipped with mechanical 
stokers. 


EXCAVATION OF BOUGHTON VALLEY TUNNELS 


Engineers who were engaged on two railway 
tunnels on the line between Cedara and Boughton 
stations have successfully overcome an obstacle 
which has threatened to retard progress. These 
twin tunnels are 3} miles long and the tunnellers, 
when at work, unexpectedly struck a solid and 
very hard section of dolerite when they were 
less than one-fifth of the way through one of the 
twin tunnels. 

This whole tunnelling operation is on no mean 
scale and is, indeed, regarded as the biggest of 
its kind undertaken in South Africa. The 
tunnels will be the longest in Southern Africa 
when completed, which is expected to be in about 
three years’ time. They will eliminate 44 miles of 
existing twisty, hilly track in the Boughton 
Valley, north of Maritzburg, and will consider- 
ably reduce the travelling time-between Durban 
and the Rand. 

The scheme is one link in an overall project 
to straighten and double the main line in Natal 
and northwards. 


HARBOUR DEVELOPMENTS 


(a) East London.—Widening of the East 
London harbour turning basin to a diameter of 
1070ft was recently begun. To add to this 
development a portion of 200ft has been removed 
from the end of the East Pier, and the area off 
the west training wall has been deepened. With 
the completion of the whole work no difficulty 
is anticipated in handling the Union Castle’s 
new mail ship “‘ Pendennis Castle,” which is 
764ft in length. 

By the experience to be gained when turning 
the “‘ Pendennis Castle ” in the widened basin it 
should be possible to decide at a later date to 
what extent it would be necessary to increase the 
turning basin diameter for even larger vessels. 

(6) Sordwana Bay.—This proposed Zululand 
port, it is considered by the Department of Trans- 
port, could never become a big harbour, as, fully 
developed, it could take only fifteen to twenty 
ships. It was, however, the only place on this 
part of the Natal Coast where a new sheltered 
harbour could be built. The Gobeteleni Lake, 
which lies a few hundred yards behind the sand 
dunes at Sordwana Bay, and earmarked as the 
future main harbour, had the advantage of being 
situated below sea level, so ensuring an inflow of 
water from the sea. 

The implementation of the Sordwana Bay 
scheme would depend upon financial and 
economic considerations, though it was evident 
that in time the railway to Durban would reach 
saturation point and a new port outlet would 
have to be sought. Durban harbour had space 
for, considerable development, but the problem 
was railway “take-off.” The railway link 
between the Eastern Transvaal and Sordwana 
Bay presented no problems, apart from the 
Lebombo mountain range in Northern Zululand, 
an aspect that would have to be closely studied. 

At present two routes through the range were 
being considered, the one from Candover along 
Pongola Poort, about 50 miles in length and, 
the other through Mkuzi Poort, about 40 miles. 
This railway, apart from serving. Sordwana Bay, 
would also help in the ‘development of the 
hinterland, notably the rich Makatini flats. 





































































Continental Section 


Swedish Cylinder Lock 


We have received details of a novel design of 


cylinder lock invented by Mr. Fabian Nilsson, 
Luma, Stockholm, 20. At the top of Fig. 1 
will be seen the lock, which is an easily inter- 
changeable unit, with a strong steel faceplate in 
which there is a small curved slot 10mm by 
0-18mm for the key. A set of keys is shown on 





Fig. 1—Cylinder of Nilsson lock on right, with 
punched-hole flat keys on the left 


the left.. These consist of short lengths of thin 
steel strip, each punched with a two-dimensional 
arrangement of holes. It is stated that the 
number of different combinations of these holes 
is 4x 10"*, thus affording adequate safeguard 
against duplication. Picking the lock or intro- 
ducing explosive is said to be equally impossible, 
because of the small size of the keyhole. More- 
over, the smallness of the keys makes them more 
comfortable to carry in one’s pocket. Unlocking 
is done by merely inserting the key fully (which 
only the correct key will permit), and after with- 
drawing it, turning the door handle. The door 
is relocked by turning back the handle or by 
slamming. 

For safes, where the lock is located at the 
back of the door, extra long keys are used which 
can be stored in a small circular case, like a 
flexible steel measuring tape. 
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The mechanism of the Nilsson lock is 
explained by reference to Fig. 2. At the top 
is the locked position with key inserted to abut 
pin D. Any key can be inserted, but only 
the correct key can be pushed home fully. 
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This is because the slides B and C are 
guided by the inclined slots E against the surface 


of the key. Only if the tumblers G, H, J can 
enter or remain on the, surface in the correct 
manner can the differential movement of the 
two slides shown at the bottom take place and 
the unlocking be completed. 


European Office of Armour 
Research Foundation 


It is announced that the Armour Research 
Foundation (ARF) of the Illinois Institute of 
Technology has established a European office 
at Surinamestraat 16, The Hague, Netherlands. 
This office is charged with scientific and technical 
liaison concerning scientific research, new pro- 
cesses, and products. It acts as intermediary 
between European research institutes, industry, 
and individuals, and twenty medium and large 
American corporations. The fields represented 
by these corporations 
comprise organic chem- 
istry, chemical, electrical 
and mechanical engineer- 
ing and metallurgy. It is 
expected that purchases 
and sales of patents, 
equipment and instru- 
ments, licensing and 
cross-licensing arrange- 
ments, as well as ex- 
change of industrial 
knowledge, will result 
from this activity. 

The American com- 
panies represented in 
the ARF European 
office were selected on 
the basis of having 
non-competitive pro- 
ducts, and at present 
there are four companies 
in each of the groups 
mentioned above. An 
important aspect will 
be the commissioning 
of research and develop- 
ment work to be carried 
out by European companies, research organisa- 
tions and individuals, on behalf of the American 
companies. The Office, it is specifically stated, 
will not be concerned with the obtaining of 
defence information and wil! therefore co-operate 
only with companies the products and activities 
of which are of commercial importance ; neither 
will it seek to engage European engineers and 
scientists for work in the United States. 

The Armour Research Foundation was 
founded in 1936, and at present employs some 
1200 staff members, including 800 engineers, 
scientists and other specialists. Research is 
organised in nine departments, viz. Ceramics and 
Minerals, Chemistry and Chemical Engineering, 
Electrical Engineering, Engineering Economics, 
International, Mechanical Engineering, Metals, 
Physics and Propulsion and Fluid Mechanics. 
Operations are now scattered in fifteen buildings 
on the campus of the Illinois Institute of Tech- 
nology. A 5,000,000 dollar programme, covering 
expansion until 1966, has been announced. 

Sponsored research by ARF for industry and 
the Armed Forces is based on a careful study of 
a clearly defined problem, which is submitted 
to the prospective sponsor. Once the nature 
of the problem and the method of attack are 
determined, it is possible for the Foundation to 
make a fairly accurate estimate of the time and 
money required for solving the problem. 
This estimate then is included in the proposal 
submitted to the prospective sponsor. For 
every research or development programme a 
project staff is selected from the fields relevant to 
the subject of inquiry, so that chemists, metal- 
lurgists, physicists, engineers, economists, and 
others work together when necessary. Each 
team is directed by a staff member with appro- 
priate scientific qualifications, known as the 
“project leader.” Overall guidance is by a 
“ steering committee ” composed of Foundation 
staff members primarily concerned and desig- 
nated representatives of the sponsor. The com- 
mittee reviews the month-to-month research 
developments, adds applicable “trade” tech- 
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nology to the pooled knowledge, and makes 
certain that the project remains on a course most 
likely to further its ultimate objectives, 

The sponsor receives periodic reports on the 
progress of the project, as well as a detailed final 
report. He also is entitled to any special equip. 
ment purchased or phototypes construcied in 
connection with the project. 

All patents emanating from the project go to 
the sponsor, who also retains all publication 
rights. While the project is in progress, Armour 
Research Foundation will not undertake any 
work which is of a conflicting nature. 


Diesel Shunting Locomotive for the 
Swedish State Railways 

The first of a series of diesel shunting loco. 

motives built for the Swedish State Railways b 

Nydqvist and Holm Aktiebolag (NOHAB), 

Trollhattan, Sweden, was delivered on December 





295 h.p. diesel shunting locomotive. With a starting effort of 10 tons and a 
maximum speed of 60km per hour, the locomotive is also intended to haul 
light freight trains 


hing This shunting locomotive is designated 
“ 63.” 

The power unit is a twelve-cylinder General 
Motors diesel with a continuous output of 
295 h.p. The driving power is transmitted to 
the wheels via a hydraulic gear, a reversing gear 
and cardan shafts. 

The weight of the “ Z63 ” in working order is 
28 tons, but the axle load can be increased by 
ballasting to attain 15 tons. As may be seen 
from our illustration, the locomotive is four- 
wheeled ; its tractive effort at start amounts to 
about 10 tons and the maximum speed to 
60km/h. 

At the centre of the locomotive is the driver’s 
cab, which is equipped with dual controls located 
at diagonally opposite positions in order to 
facilitate driving in either direction. Space is 
reserved for connecting a 12kW generator, if in 
future it should prove desirable to equip the 
locomotive for train heating. 

When substituting diesel traction for steam 
traction on non-electrified Swedish lines, the 
shunting service was the first to be “‘ dieselised.” 
The locomotives now supplied are __in- 
tended to be used also for small local freight 
trains and are stated to be the most powerful 
shunting locomotives at present in service. 


Lille International Trades Fair 


At this year’s International Trades Fair at 
Lille, which will take place from May 4 to 19, 
about 3500 exhibitors, belonging to some twenty 
nations, will present their products to visitors 
from over thirty different countries. British 
participation is stated to be considerable, 
especially as regards hand and mechanical tools 
and agricultural machinery, and in the fields 
of household equipment, clock manufacture, 
automobiles, foodstuffs and textiles. Full 
information may be obtained from the General 
Commissary, Grand Palais de la Foire Lille, 69, 
Rue Faidherbe, Lille, France (telephone 
53.99.60-1-2.) 
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Vernier bevel protractor, base and spare 12in blade. For the measurement of Belgian-built 
square re protractor can be positioned 
the 


small angles, the 


Vernier Bevel Protractor 


In our accompanying illustration we show a 
vernier bevel protractor, which has recently been 
put on the market by MZB Messzeug G.m.b.H., 
Oberndorf-Neckar, German Federal Republic. 
The instrument, which is fully hardened and 
ground in the usual manner, possesses a 360 deg. 
circular scale which, by means of the vernier, 
can be read to five minutes of arc. Two inter- 
changeable blades, 6in and 12in long, are pro- 
vided and can be set at any angle between 0 deg. 
and 360° deg. By means of the vee-block base 
shown on the left, the protractor can be set up 
flat or on cylindrical surfaces. A small set- 
square can be attached to the arm of the instru- 
ment, as illustrated, and can be slid right up 
against the blade. In this way even small objects 
and very acute angles can conveniently be 
measured. All clamps, other than that for the 
circular scale, operate by means of eccentrics. 
The maker’s agent in the United Kingdom is 
Nonius, Ltd., 38, Beethoven Street, London. 
W.10. 


Recording Galvanometer 


The accompanying illustration shows a record- 
ing galvanometer developed by Bazin and 
Setton, of the Conseil National pour la 
Recherche Scientifique (C.N.R.S.), and manu- 
factured by A.O.I.P., 8-14, Rue Charles Fourier, 
Paris (13e). The instrument comprises essentially 
two cadmium sulphide photocells, which are 
mounted on a small carriage together with a 
recording stylus. This carriage is traversed by 
means of a wire driven by a synchronous motor. 
The two photocells constitute the arms of a bridge 
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Recording galvanometer 
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network, the diagonal of which contains a sensi- 
tive double-pole relay. According to whether 
one or the other cell receives more light, the net 
out-of-balance voltage across the relay will be 
in one direction or the other, and will thus bring 
about a correcting follow-up movement of the 
carriage. 

Not only is the galvanometer light spot held 
permanently between the two photocells, which 
are arranged very close to each other, but the 
connection between the cells and the stylus is 
such that only the mean value of the oscillations 
of the cells is transmitted to the stylus. In 
addition, special provision has been made for 
the carriage to return to the spot automatically. 
There is only one electronic tube in the recording 
circuit, and even this is dispensed with in certain 
applications. Sensitivity of the galvanometer 
is about 3x10-°A/mm and 2x 10*V/mm, 
A selector switch is incorporated to select the 
eleven current and voltage ranges (uA and V). 

The recording paper is 220mm wide. A 
choice of ten speeds is available, the range being 
from 40mm to 10,800mm per hour. Speeds are 
selected by means of an external lever. The 
accuracy of the instrument is stated to be +1 per 
cent and readings are repeatable to +0-S5mm. 

Recording instruments of this design are 
available for power supplies between 127V and 
220V. 


Water Tractor for Belgian Congo 


We have received details of two water tractors 
built by a Belgian yard for the Office d’Exploita- 
tion des Transport Coloniaux (OTRACO), 
Brussels, for use on the River Congo. The 
vessels, which have since been put into service, 
are similar in design. Each has an overall length 
of 14-5m, a beam of 3-8m, and a draught of 
1-4m. As power units there are fitted two 
Daimler-Benz diesel engines, model “‘ MB846,” 
each delivering 150 h.p. to one of the two Voith- 
Schneider propellers. Highest speed of the 
tractor running free is 18km per hour, the pull 
at 10km per hour is 3 tons, and the static pull 
4-2 tons. The vessel can turn through a full 
circle in twenty-six seconds, and come to rest 
from maximum speed in six seconds. Both 
ships are completely galvanised and their dimen- 
sions are such that they could be transported from 
Matadi to Leopoldville by rail. Voith-Schneider 
propellers are now being built also in this 
country, Brown Brothers, Edinburgh, having 
obtained from J. M. Voith, G.m.b.H., the licence 
for the Commonwealth. 


Instrument for Perspective Drawing 


The advantages of pictorial representation of 
components and complete installations are being 
realised increasingly, especially in cases where 
the components are of a complicated shape, or 
where the people for whom the drawings are 
intended have insufficient technical experience. 





water tractor for use on the Belgian Congo. The vessel is 
equipped with two 150 h.p. Voith-Schneider propellers 
undergoing 


and is here shown 
trials 


Good perspective drawings can also often be an 
effective means of publicity, superior to photo- 
graphs, where it is a question of illustrating the 
functioning of a piece of equipment. 

An instrument which facilitates the preparation 
of perspective views from existing orthogonal 
projections is being manufactured by Franz 
Kuhlmann K.G., Wilhelmshaven, German 
Federal Republic. Called the “ Forster Per- 
spectiv-Automat,” the equipment, which is 
shown in the accompanying illustration, com- 
prises three main components. The first is a verti- 
cal column which can beclamped to the edge of the 
drawing-board and is equipped with an adjust- 
able arm carrying a tiltable plain mirror and a 
universal joint. A second vertical column, seen 
on the left, is fitted with a rotatable drum to 
which the elevation of the object to be drawn 
would normally be attached. The third com- 
ponent is an arm resting at one end in the 
universal joint of the fixed column, the remainder 
being supported on a sliding bracket of the 
movable column. This arm embodies a small 
projector at its universally-supported end which 
throws the image of a set of cross-wires on to 
drawing-paper fixed to the board, by way of the 
inclined mirror. 

After setting the height of the sliding bracket 
to any desired level on the elevation drawing, 
the cross-wires of the movable column, which 
are situated vertically below the centre line of the 
projector arm, are set successively at selected 
points of the plan drawing which correspond to 
the given elevation. The position of the cross- 
wire image is marked for each point, and these 
markings are afterwards connected to form the 
required perspective view. The agent for the 
instrument in the United Kingdom is W. G. 
Pinner and Co., 1, York Road, Birmingham, 16. 
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Instrument for preparing perspective drawings from 
two orthogonal views 
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Discovery of New Nuclear Reaction 
at Berkeley 


The observation of a new kind of nuclear 
reaction that yields energy and is akin to 
thermonuclear reactions has been reported by 
scientists of the University of California Radia- 
tion Laboratory at Berkeley, California. The 
scientists who participated in the research are 
Drs. Luis W. Alvarez, Hugh Bradner, Frank 
S. Crawford, Jr., John A. Crawford, Paul 
Falk-Vairant, Myron L. Good, J. Don Gow, 
Arthur H. Rosenfeld, Frank Solmitz, M. Lynn 
Stevenson, Harold K. Ticho, and Robert D. 
Tripp. The new phenomenon has been described 
as a “ catalysed nuclear reaction.” This adds to 
those reactions already known to science a new 
and third way of making a nuclear reaction take 
place. The older ways are either to induce ther- 
monuclear reactions, in which two light nuclei 
fuse into a heavier one when the temperature is 
raised to roughly 1,000,000 deg. Cent., or else to 
bombard nuclei with other nuclear particles 
from accelerators like cyclotrons or nuclear 
reactors. : 

In order to make a nuclear reaction take place, 
two nuclei must touch. The new discovery is a 
way of pulling two nuclei together so that a 
proton and a nucleus of heavy hydrogen (a 
deuteron) can combine to form helium-3 with 
the release of 5-4MeV of energy. This pulling 
together takes place in a “ mesic molecule.” In 
a normal molecule the nuclei of the component 
atoms are pulled together weakly by electrons. 
But the electron can be replaced by a much 
heavier particle, the negative mu meson. Because 
the mu is 210 times heavier than an electron it 
circles the nucleus at only one-two-hundred-and- 
tenth the distance of an electron, and thus binds 
the two nuclei correspondingly closer. The 
nuclei then have a good chance of touching, and 
the nuclear reaction can take place. The reaction 
is termed a catalysed reaction, but the mu meson 
may be ejected from the molecule by the energy 
released. The mu is then free to catalyse more 
reactions, in chain fashion. 

According to the Berkeley scientists, however, 
the energy producing reaction is at present 
only a laboratory phenomenon. The chain of 
catalysed reactions cannot continue long enough 
to generate ially useful amounts of 
power because mu mesons decay into other 
particles after two-millionths of a_ second. 
Unfortunately, from the point of view of thermo- 
nuclear power, mu mesons can be made only in 
high-energy nuclear collisions of particles acceler- 
ated by cyclotrons and other expensive machines. 
However, the scientists described as “ interest- 
ing” the possibilities if a much longer-lived 
particle, with properties similar to that of the mu 

meson, is ever found. The Russian physicist, 
Alikhanian, has reported evidence of the existence 
of such a particle. According to Dr. Alvarez, 
the observations were made in studies of photo- 
graphs taken of tracks in the 10in hydrogen 
bubble chamber which is being used with the 
Berkeley Bevatron. At present this machine is 
believed to be the most powerful particle accele- 
rator in the world, but a larger one is about to 
go into operation in the Soviet Union. 

The bubble chamber is filled with liquid hydro- 
gen which boils and forms small bubbles along 
the track of any charged particle that goes 
through it. Photographs can thus be made of 
the trail of a particle much in the same way 
that one can record the passage of an otherwise 
invisible jet aircraft by photographing its vapour 
trail. The bubble chamber was invented at the 
University of Michigan and has been developed 
further at Berkeley. It is tending to replace an 
older but similar tool—Wilson’s cloud chamber— 
because a greater number of interesting nuclear 
collisions and events occur in a given volume of 
liquid hydrogen than in the more rarefied gas 
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of a cloud chamber. Scientists expected that all 
mu mesons that came to rest in hydrogen would 
simply decay. Consequently there was excite- 
ment in the Berkeley group when it was noticed 
that occasionally a particle that looked like a mu 
came to rest, but, instead of decaying, flung out 
another particle that also looked like a mu, 
went a short distance, came to rest, and decayed. 
In some of the photographs there was a gap 
between the two mu-like tracks. At first there 
was speculation about a new particle, a “ super- 
mu ” which decayed into an ordinary mu. 

Fifteen of these mysterious events were found 
before the phenomenon was explained. The 
pictures are now explained in the following man- 
ner. When the negative mu comes to rest, it 
becomes attached to a proton forming a “ mu- 
mesic atom ”’ similar to an ordinary “ electronic ” 
atom, but scaled down two-hundredfold in size. 
In natural hydrogen, one atomic nucleus in 5000 
has a neutron stuck to its proton, and is called a 
deuteron. It can be shown that a mu meson 
prefers to form an atom with a heavy particle at 
its centre ; hence, the mu will form an atom 
selectively with a deuteron, even though the 
protons are much more abundant. Any “ mu- 
mesic” atom will eventually attach itself to 
another atom to form a molecule. The gaps are 
explained as a drift of the small neutral “* mu- 
mesic ’’ deuteron atom as it dashes away from 
the proton from which it stole its “‘ mu-meson.” 
Any complete atom, regardless of its size, is a 
neutral system, and does not make a track. 
Being neutral, the mesic atom makes no track. 

The result of all these processes is that shortly 
after a mu comes to rest in hydrogen it finds 
itself holding a deuteron and proton together in 
the form of a small molecule. The deuteron and 
the proton are bound so closely that soon they 
fuse to form helium-3. The mass of helium-3 is 
less than the combined mass of a proton and a 
deuteron, and the difference—5-4MeV—is 
available as energy. This energy of fusion is 
the same energy that is released by the sun or 
during thermonuclear reactions. 

Another way of looking at the reaction was 
described by Dr. Alvarez as follows. The mu 
meson holds the deuteron and proton together 
as if in a small box until they fuse. Thus, fusion 
does not take place in ordinary molecules because 
the volume of the “ box” is 10,000,000 times 
larger. In order to test their hypothesis, the 
physicists added artificially concentrated deute- 
rium to the naturally occurring deuterium already 
in the bubble chamber. As expected, there was 
an increase in the fraction of photographs in 
which there was an ejected mu or a gap at the 
end of amu. Two pictures out of 10,000 showed 
a “chain” reaction two links long—where a 
single mu catalysed two nuclear reactions before 
decaying. 

After the experiments were completed, a 
colleague pointed out that in the 1954 Proceedings 
of the Academy of Sciences of the U.S.S.R. a 
theoretical physicist, Ya. B. Zel’dovitch, had 
already predicted a similar, though somewhat 
simpler reaction. The term “ catalysed nuclear 
reaction ”’ was selected because of the comparison 
with what happens in chemistry, where a catalyst 
is used to speed up a reaction but is not itself 
used up in the reaction. A catalysed nuclear 
reaction is similar to a thermonuclear reaction in 
that the same nuclear fusion reactions are 
common to both, but the conditions of the 
surroundings are quite different. Thermonuclear 
reactions take place only at extremely high 
temperature—in stars or hydrogen bombs— 
between nuclei propelled together by the great 
heat ; a “ mu-meson ” can pull nuclei together 
and catalyse a nuclear reaction at any tempera- 
ture. One of the great problems of controlled 


thermonuclear reactions lies in the need to 


maintain enormous heat in a confined system. 
Known materials melt at these temperatures, and 
investigations are under way to make “ pinch 
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containers ” in which the hot materials ¢) not 
touch the sides of the container. The trou le is 
however, that the present containers leak. ; 


Stud Welding Fasteners for Curtain 
Walls 


A NEW stud-welded construction fastener with 
an aluminium cap which permits fast field 
assembly and improves the appearanc: of 
insulated metal sandwich and other curtain 
walls has been developed by the Nelson Stud 
Welding Division of Gregory Industries, of 
Lorain, Ohio. new fastening system js 
known as the “ Setlok ” fastener and is already 
used extensively in glass fibre-insulated metal 
buildings. _ It employs a steel shoulder stud with a 
serrated tip, which is end-welded to structural 
girts with the Nelson stud welding gun. As 
shown in the sandwich construction illustrated, 
the inner skin—usually corrugated aluminium— 
is impaled over stainless steel, cadmium-plated 
or mild steel studs and “Speed Clips” are 
applied to hold the inner material firmly in place. 
Glass fibre insulation is then impaled over the 
studs and the exterior material is next impaled 
with a hard rubber hammer, so that the sheet 
rests firmly against the shoulder of the stud. 





Cut-away view of sandwich construction wall with 

aluminium skin, glass fibre insulation and 
ribbed aluminium exterior panel fastened to the girts 
with stainless steel stud and aluminium ‘‘ Setiock ’’ cap 


The aluminium cap is then placed over the 
serrated tip of the stud and driven into position 
with a tool which causes the aluminium to flow 
into and grip the serrations. Tests have demon- 
strated that this fastener, when in place, has a 
oe power of more than 800 Ib on a direct 
pull, 

Rust and galvanic action are prevented by the 
use of the granular fiux-filled “‘ Setlok ” studs 
and the aluminium caps which are used to 
secure all of the wall components in field- 
assembled, insulated sandwich curtain walls. 
There is no need for drilling structural members, 
for the use of “T”’ or channel spacers, and all 
of the work is handled from one side. The same 
fastener is equally effective when used with a 
single sheet of metal roofing or sliding material 
and in insulated structures with mat-faced glass 


fibre insulation on the interior and metal only 


on the outside. Special sheet metal “‘T”’ bars 
developed by the firm for such installations are 
impaled over the studs and serve as spacers and 
interior battens between which the glass fibre is 
retained. This formed sheet metal “T” bar 
eliminates the need for the hand welding of the 
structural tees commonly used for this purpose, 
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Automatic Loading Device for 
Centre Lathe 


Tue accompanying illustration shows a new 
hydraulically-actuated automatic loading mech- 
anism for the “ Model 21 Mona-Matic ” lathe 
of the Monarch Machine Tool Company, of 
Sidney, Ohio. Incorporating a gravity chute 
and a shuttle conveyor designed to hold a supply 
of rough workpieces to be machined on the 
lathe, the hydraulically-actuated loader auto- 
matically positions each of these pieces between 
the work centres of the machine, triggers the 
“ Multi-Cycle Programmer ” which controls the 
automatic work cycle of the machine, and finally 
removes each finished piece from the lathe when 
the desired cuts are completed. No manual 
control by the operator is required for any 
portion of this operating sequence, and the 
joading mechanism and the lathe function con- 
tinuously as long as a supply of new workpieces 
is maintained in the loader conveyor chute. 

The ‘* Mona-Matic”’ lathe used with the 
automatic loader mechanism is a _ standard 
machine with an air-operated tailstock connected 
to and actuated by the loader control circuit. 
Special safety switches are incorporated in the 
tailstock to prevent lathe operation if the work- 
piece is not properly centred by the loading 
mechanism. An air-operated chuck is also 
utilised during the automatic positioning and 
removal of workpieces, with the actuation of the 
chuck also being regulated by the control equip- 
ment. During operation the rough workpieces 
resting in the conveyor chute of the loader are 
engaged one at a time between a pair of travelling 
centres. These centres transport the individual 
piece horizontally to a position above the work 
area of the lathe. At this point the piece is 
grasped by one pair of arms of a double-armed 
rotating head, whereupon the travelling centres 
release. Assuming that the lathe has completed 
the machining of the preceding piece, the 
rotating head of the loader descends and grasps 
the finished workpiece with its second pair of 
arms, and the air chuck and tailstock of the lathe 
disengage. The head then removes the finished 
piece from the chuck, rises vertically, rotates the 
rough workpiece held in its first set of arms into 
alignment with the work axis of the lathe, and 
descends. The rough workpiece is positioned in 
the chuck and the air chuck and tailstock engage. 
The arms of the rotating head release their grasp 
on the rough workpiece and the head rises. The 


THE ENGINEER 


lathe then begins turning the new rough work- 
piece. 

The finished workpiece held in the second set 
of arms of the rotating head is clamped between 
another set of travelling centres when the head 
reaches the top of its vertical travel. The arms 
release the finished piece and the travelling centres 
transport it horizontally to a shuttle conveyor 
which feeds the finished workpiece to the rear of 
the machine. The cycle is thus completed and the 
loader is ready to repeat the entire sequence for 
each succeeding piece in 
the productionrun. The 
automatic loader is 
arranged so that work- 
pieces machined on one 
end by an initial “‘ Mona- 
Matic ”’ lathe can be de- 
livered by means of the 
loader to a second such 
machine, to provide an 
automation sequence 
which finishes both ends 
of the workpiece. The 
workpiece then can be 
automatically delivered 
to still a third machine 
for some subsequent 
operation. Thus, auto- 
matic workpiece hand- 
ling may be set up for a 
series of machines, so 
that each performs a 
special phase of the ma- 
chining of the particular 
parts. 

The sequential opera- 
tion of the loader mech- 
anism is accomplished 
by means of electrical 
limit switches tripped by 
the workpiece handling 
components of the loader 
as the workpieces are 
transported from the 
conveyor to the work 
centres of the lathe 
and finally, following 
machining, to the finished workpiece conveyor. 
The tripping of the limit switches energises the 
proper hydraulic circuits to initiate each phase 
of the loader operation at the required point. A 
signal electrical circuit connected between the 
air-operated chuck on the headstock spindle 


Monarch ‘‘ Mona-Matic 21 ”’ centre lathe with hydraulically-actuated automatic loading mechanism 
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and the ‘“ Multi-Cycle Programmer” of the 
lathe automatically actuates the machine when 
each new workpiece is securely chucked between 
the work centres of the lathe. A limit switch, 
which is tripped by the carriage motion of the 
machine when the work cycle is completed, 
signals the automatic loading mechanism to 
remove the finished workpiece and to position 
the next piece in the run. No manual control of 
either the automatic loader or the lathe is 
required when operation has been initiated. 


** Hydrospin ’? machine for spinning jet engine parts 


‘* Hydrospin ’’ Machine for Forming 
Jet Engine Parts 


Tue Solar Aircraft Company, of San Diego, 
California, recently installed the “‘ Hydrospin ” 
machine, shown in the accompanying illustration, 
which was built by the Cincinnati Milling 
Machine Company, of Cincinnati, Ohio. In 
the machine a blank metal disc is rotated at high 
speed. As it spins, two heavy-duty steel rollers 
force the metal disc into the desired shape, while 
the rollers advance along a preset course. The 
machine is semi-automatic : once the adjust- 
ments are set by an operator various steps in the 
work cycle proceed automatically, except for 
loading and unloading. The machine is almost 
completely hydraulically controlled. 

The firm uses the “‘ Hydrospin ’’ machine to 
manufacture jet engine and other high-tempera- 
ture parts, such as jet exhaust cones. Numerous 
forming, welding and machining operations on 
the cones can be eliminated through the use of 
the machine. In operation, the “ Hydrospin ” 
employs two opposed rollers, which force the 
material being worked to cold flow on to a 
rotating mandrel. Force is obtained from four 
50-ton hydraulic cylinders operating at a pressure 
of 2500 lb per square inch. Stock up to 42in in 
diameter can be handled, and the machine has 
successfully formed lin thick mild steels and jin 
thick stainless steel. A major use for the 
“ Hydrospin ”’ machine is the production of 
dome-shaped contoured parts. In the past they 
were fabricated in two sections and .welded 
together, requiring both special dies and fixtures. 
On the spinning machine they are simply formed 
from a blank disc. On many parts only a quarter 
as much material is required to spin the part as to 
produce it from a forging. Another advantage 
of spinning is that the parts turned out are 
stronger, with a greater resistance to fatigue 
failure, than components made by conventional 
methods. When metal is spun it undergoes a 
shear deformation, greatly elongating the grain 
structure of the metal. The deformation results 
in a work hardening of the metal and an increase 
in tensile strength and fatigue resistance. 





276 


THE ENGINEER 


Feb. 15, 1957 


Personal and Business 


Appointments 
Mr. J. E. Furvey has been appointed publicity 
manager of E. K. Cole, Ltd. 


Mr. MICHAEL PARKINSON has been appointed a 
director of Crompton Parkinson, Ltd. 


Masor-GENERAL R. E. URQUHART has_ been 
appointed a director of Duncan Stewart and Co., 
Ltd. 

Mr. A. E. GrimspALe has been appointed manager 
(home sales) of Méetropolitan-Vickers Electrical 
Company, Ltd. 

Mr. GeorGce HOLLAND has been appointed Scottish 
area technical sales representative of Newall Group 
Sales, Ltd., Peterborough. 

THe SHIPBUILDING CONFERENCE announces that 
Mr. R. D. Brown, M.A., LL.B., and Mr. C. H. 
Stansfield have been appointed assistant secretaries. 


Mr. ARTHUR J. EADON has been appointed sales 
and advertising manager of the general engineering 
division of Short Brothers and Harland, Ltd., 
Belfast. 


Vickers, Ltd., has announced that the change of 
name from Vickers-Armstrongs (Earth-movers), Ltd., 
to Vickers-Armstrongs (Tractors), Ltd., was registered 
on February 5. 

Tue CENTRAL ELECTRICITY AUTHORITY has an- 
nounced the appointment of Mr. D. P. Sayers, 
M.LE.E., M.I.Mech.E., as chief contracts officer in 
succession to Mr. F. W. Smith, who has retired. 


Mr. WILFRED M. NEWTON Dry Decks Lads in 
general manager of Mountstuart s, Ltd., in 
succession to Mr. J. H. Evans, who has retired after 
fifty-two years’ service in the ship-repairing industry. 

THE DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL 
RESEARCH states that in agreement with the Foreign 
Office, Brigadier C. F. C. Spedding has been appointed 
scientific attaché at H.M. Embassy in Bonn in succes- 
sion to Mr. K. H. Lauder. 


Mr. -C. H. Frurscuemm, M.LE.E., has been 
appointed chief electrical engineer of Metropolitan- 
Vickers Electrical Company, Ltd., in succession to 
Mr. H. West, who will now be able to devote more 
time to the affairs of A.F.I.-John Thompson Nuclear 
Energy Company. 

Mr. E. S. Lime, Comp. LE.E., has been 
reappointed a director of the British Thomson- 
Houston Company, Ltd., on relinquishing his offices 
of comptroller and secretary. He has been succeeded 


as comptroller by Mr. A. D. Gregory and as secretary 


by Mr. A. E. Wilson. 


AEROPLASTICS, Ltd., a subsidiary of the Fairey 
Aviation Company, Ltd., has announced the forma- 
tion of a new board of directors. Mr. Geoffrey W. 
Hall, A.F.R.Ae.S., has been appointed chairman ; 
Mr. Robert L. Lickley, M.I.Mech.E., Mr. John C. 
Macpherson and Mr. Alan Vines, A.F.R.Ae.S., have 
been appointed directors. 


W. H. Heywoop Anp Co., Ltd., Huddersfield, has 
announced the appointment of Mr. Charles Thomp- 
son as Scottish manager. He has been succeeded at 
the Newcastle office by Mr. Charles Crossman, who 
has, in turn, been succeeded in the Bristol area by 
Mr. R. G. Jenkins. The company also states that 
it has opened a new Midlands office at Queen’s 
Chambers, 6, Boldmere Road, Sutton Coldfield, in 
the charge of Mr. Denis Hadfield, Birmingham 
manager. 


Business Announcements 


Mr. L. H. E. Jones, overseas division of Expandite, 
Ltd., is leaving this country for a tour of Scandinavia 
on February 17. 


THE NATIONAL INDUSTRIAL FUEL EFFICIENCY 
SERVICE, eastern area; states that it has taken over 
new premises at 8, Queen Anne Terrace, Cambridge. 


COooPER AND Co. (BIRMINGHAM), Ltd., Brynmawr, 
Breconshire, states that it has acquired the whole of 
the share capital of James Farrer and Sons, Ltd., 
Devonshire Works, Division Street, Sheffield. 


Mr. A. G. CoLsTon, technical adviser (service) of 
Hoover, Ltd., and a director of Hoover (Electric 
Motors), Ltd., is to retire at the end of March, after 
more than thirty-three years’ service with the company. 


THE IRON AND MARBLE CompPANy, Ltd., Bristol, 
states that it has formed a new, wholly owned sub- 
sidiary to be known as Tube Construction (Bristol), 
Ltd., to take over the structural engineering side of 
the business. 

ExPANpITE, Ltd., states that it has inaugurated a 
new technical development department. Mr. J. W. 
Babbs has been appointed technical development 





manager, and Mr. A. B. Kozlowski, chief develop- 
ment chemist. 


Auto Dieses, Ltd., has announced the formation 
of a new pump and hydraulic machinery division. 
Mr. R. J. Sanders has been appointed general manager 
and has been succeeded as home sales manager by 
Mr. Edward Ward. 


THE MANCHESTER SHIP CANAL COMPANY has 
announced that Mr. H. K. Russell, A.M.LC.E., 
resident engineer on the chief engineer’s staff, has 
retired under the age limit after forty-two years’ 
service with the company. 


F. H. Lioyp anp Co., Ltd., and the American 
Brake Shoe Company of U.S.A., have announced the 
formation of a new company, Lloyd-Brake Shoe, 
Ltd., to operate in this country the foundry processes 
and techniques being used in the: U.S.A. by the 
American Brake Shoe Company. 


JOHNSON AND PHILLIPs, Ltd., announces that it has 
opened a new showroom at its London office, 
Columbia House, Aldwych, W.C.2, and is displaying 
switchgear, capacitors and cables. In a separate 
section the domestic appliance products of British 
National Electrics, Ltd., are on show. 


Nettrte Accessories, Ltd., has announced the 
formation of a new company to deal exclusively with 
the marketing of “ Striplight ” cable and associated 
equipment. The new company will be known as 
D.R. Illuminations, Ltd., Leestone Road, Wythen- 
shawe, Manchester, 22 (telephone, Catley 7404). 


ASSOCIATED BRITISH ENGINEERING, Ltd., has 
announced the formation of a new subsidiary com- 
pany, Newtherm Oil Burners, Ltd., 37-41, Bedford 
Row, London, W.C.1, which will manufacture indus- 
trial and domestic oil burners. The company will 
be under the chairmanship of Mr. Lawrence Robson. 


DaANiEL ADAMSON AND Co., Ltd., has announced 
that it is the manufacturing licensee of the nuclear 
equipment required for the Alco Products, Inc., range 
of 2MW to 20MW atomic power plants, and is work- 
ing in conjunction with Humphreys and Glasgow, 
Ltd., who has been appointed licensees for sales and 
— of Alco-designed small nuclear power 
plants. 


Contracts 


VICKERS-ARMSTRONGS, Ltd., has sold a further 
two “ Viscount ”’ air liners to Lufthansa: all nine 
machines will be 365 m.p.h. V.810 aircraft. Delivery 
is due to begin in the second half of 1958. 


Ro ts-Royce, Ltd., is to supply for the use of the 
West German Army petrol engines valued at 
£8,500,000. The engines are the B.81 large-bore, 
64 litre straight eight, mentioned on page 518, October 
12, 1956, and will be used in Schutzenpanzerwagen 
designed by Prince Andre Poniatowski in conjunc- 
— with the Hispano-Suiza Company of Paris and 

eneva. 


Miscellanea 

FaTiGUE LABoRATORY.—Short Brothers and Har- 
land, Ltd., is installing equipment expected to prove 
capable of completing the fatigue testing programme 
for a.major aircraft project within twelve months. 
Already installed are a 100-ton hydraulic machine 
made by Losenhausenwerk A.G., Dusseldorf, running 
up to 10 c/s, and accepting specimens 8ft long, and 
two smaller machines. A 20-ton Avery-Schenk 
machine to handle specimen joints will shortly com- 
plete the apparatus. 


PETROLEUM CONSUMPTION.—According to figures 
published by the Petroleum Information Bureau, 
consumption of petroleum products in the United 
Kingdom for the first nine months of last year was 
8-5 per cent higher than for the similar period in 
1955. The total deliveries into inland consumption 
amounted to 18,705,321 tons, which included : 
aviation fuels, 1,344,503 tons ; motor spirit, 4,844,855 
tons ; kerosene, 990,616 tons ; derv fuel, 1,321,795 
tons ; gas/diesel oil, 1,720,624 tons, and fuel oil, 
4,649,106 tons. 


INSTITUTION OF NAVAL ARCHITECTS.—The Insti- 
tution of Naval Architects announces that the follow- 
ing scholarships will be offered for competition in 
1957 : in Naval Architecture, the “‘ Trewent” ; in 
Marine Engineering, the “Parsons” and _ the 
“ Yarrow,” all having a value of £175 per annum for 
three or four years, and for which entries close on 
May 31. There are also the Post-Graduate Research 
Scholarships, “Sir William White,” of £300 
annum for two years, and the “ Froude Research ” 
of £600 per annum for two years. 


EJECTORS FOR Corrosive FLUIDS.—Carbon ciectors 
for water and steam operation now being made by 
Powell-Duffryn Carbon Products, Ltd., Springfield 
Road, Hayes, Middlesex, are designed for handling 
all forms of corrosive fluids and, particularly, waste 
pickling liquids heavily contaminated with crystals 
or shale. These ejectors have no moving parts and 
all their carbon parts are enclosed by a cas: iron 
casing. The water-operated ejectors can be used with 
low pressure water and, with them, waste liquor can 
be discharged directly to a neutralisation plan: or to 
waste. 


CoacH _TRANSMISSIONS.—The alternative to 
““Pneumo-Cyclic”’ transmission in the Leyland 
“ Tiger Cub” is shortly to be a five-speed gearbox 
instead of the present four-speed box with two-speed 
axle. The box is that used on Albion and “ Comet ” 
vehicles : the intervals between ratios, changing up, 
are 1-62, 1-61, 1-67 and 1-63, respectively : fifth 
gear is direct drive. All forward speeds are constant 
mesh engaged by dog clutches. The spiral heve| 
rear axle is available with the alternative ratios of 
4-111, 4-625, 5-143 and 6-166, and is common to the 
models with semi-automatic transmissions and to the 
“Comet.” This modification increases the weight 
of the bus by 14 Ib, up to 3 tons 17 cwt for the 
chassis. 


PRECISION MECHANICAL RUBBER MOULDINGs.—A 
little over a year ago the Reliance Rubber Company, 
Ltd., moved from London into a new factory of over 
40,000 square feet at Cleveland Road, Hemel Hemp- 
stead, Herts. The additional space made available 
in this new factory has enabled the firm to increase its 
facilities for the manufacture of special moulded 
rubber components of all kinds. For this work there 
has been laid down a line of moulding machines, 
fitted with thermostatically controlled electrically 
heated platens to cover many requirements, and 
precision compounding equipment for materials, 
With these facilities the firm states that it is now in a 
position to supply mechanical rubber components with 
specified properties and to the very close tolerances 
required by precision trades and processing industries. 

_ AIRFIELD Power UNItT.—Included in the range of 
airfield ground power units now manufactured by 
Petbow, Ltd., Sandwich, Kent, is the “* Power Puller,” 
in which a single engine provides power both for 
starting and servicing aircraft and also for towing 
them. A ‘four-cylinder Rolls-Royce diesel is used, 
the clutch driving the rear wheels through a six- 
forward and two-reverse speed gearbox, and the 
generator being coupled to the forward end of the 
crankshaft. The engine is governed to 1800 r.p.m. 
(1500 r.p.m. with 28V d.c. generator) and gives 
154 h.p. (100 h.p.). The unit weighs 5 tons 12 cwt and 
the driving wheels have twin 11 x 36 tyres : the maxi- 
mum drawbar pull is 15,000 Ib and the speed about 
12 m.p.h. For engine starting the available outputs 
=" ‘at 28V, 1000A at 112V, or 120kVA on 400 
cycles. 


FLAME CUTTING MACHINE FOR STEEL Strip.—A 
new flame-cutting machine has been developed by 
the British Oxygen Gases, Ltd., for cutting steel 
plate into strips at users’ works when ready-cut steel 
strip is not readily available from manufacturers’ 
stocks. The new machine is based upon a B.O.C. 
heavy-weight tractor, which is arranged to support a 
bar carrying up to four portable straight line cutting 
blow pipes over the width. of a plate. On this bar 
the cutters can be arranged to cut strips from 3ft to 
23in wide from a plate. The machine runs on a 10in 
track at one side of the plate table and its speed can 
be controlled in accordance with the plate thickness 
being cut. In one such installation strips were cut 
from a Zin thick, 45ft long, plate in one hour, using 
four cutters set at 74in pitch along the tractor bar. 
Another such machine under construction will be 
capable of mounting up to twelve cutters. 


FuME CUPBOARD Fans.—Aerofoil fans protected 
against corrosive gases by a coating of polythene 
are now made by Woods of Colchester, Ltd., for fume 
cupboards. These axial flow design fume cupboard 
fans are available in three sizes of 6in, 74in and 94in 
diameter, and they are completely protected with 
polythene inside and out. The motor and casing are 
hermetically sealed in a covering which is resistant to 
practically all corrosive reagents. To ensure adhesion 
of the polythene to the fan, the casing is made from 
perforated steel, and is coated on both sides, so that 
polythene passes through the perforations, joining 
the inner and outer coatings to sheath the metal 
within a homogeneous double skin. The fan impellers 
are phenolic mouldings and the hubs are designed to 
shield against the ingress of fumes into the motor 
through the spindle bore. The motors are fitted with 
a “ breathing ” tube which passes through the casing, 
giving access to clean air. The two smaller fans are 
driven by a two-pole shaded-pole motor and the 
largest size by a capacitor motor. 
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When an invention is commmattoannd from abroad the name and 
address of the comment are printed in italics. When an 
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RAILWAY ENGINEERING 


164,994. December 21, 1954.—WHEEL ASSEMBLIES 
FOR RAILWAYS, The Ruhrstahl Aktiengesellschaft, 
4, Auestrasse, Witten/Ruhr, Germany. 

The invention relates to lightweight wheel 
assemblies for fast-running passenger coach stock 
in which the wheels each comprise a disc and hub 
formed in one piece, the hubs being pressed on to an 
axle shaft to form the wheel assembly. In the form 
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of construction shown in the drawing, the hub consists 
of a part A which has an extension B, the extension 
projecting into a bearing C. A disc D emerges sub- 
stantially parallel to the axle from the hub A, and 
bows out to the wheel rim E. The total amount of 
material in the region of the part A is relatively small 
compared to known wheel assemblies, so that the 
slender part of the disc D emerging from the hub A 
results, on the one hand, in low peak stresses at this 
point because of the shape, and, on the other hand, 
in low stresses because the specific pressure from the 
pressed on connection is low in view of the total 
length of the hub. In this construction the load is 
transmitted from the bearing C substantially only 
through the hub extension and the base A of the 
hub directly to the wheel disc D. The intermediate 
transmission between bearing C and axle shank F 
and transmission between axle shaft G and hub A 
are thus avoided. In the wheel assembly with outside 
bearings a flange H is provided on the free edge of the 
face of the hub extension B, the flange abutting against 
the end face of the axle shank F and thus determining 
the longitudinal position of the wheel. A wheel 
assembly with inside bearings is also described in the 
specification.—January 2, 1957. 


MACHINE TOOLS 


765,943. January 1, 1954.—A MOouNTING FOR 
MILLING Cutters, Clare Collets, Ltd., Wright 
Street, Broadheath, Altrincham, Cheshire. (/n- 
ventor : John Fairfield Butler.) 

The invention relates to mountings comprising a 
tool shank or arbor for milling cutters, and has for 
its object to provide a mounting which can have a 
type of shank or arbor allowing all types of cutters 
to be fitted on it without the necessity of using loose 
nuts and washers, whilst ensuring that the cutter 
cannot become inadvertently released from the arbor. 
As will be seen from the drawing, the tool shank or 
arbor A is provided with a tapered lower end B with 
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a screwed portion C above. The tool or cutter as D 
to be mounted on the arbor has an_ internally 
tapered bore and a screwed boss E. The threads 
on the arbor and on the boss are of different 
pitch. A coupling piece G to secure the arbor 
and tool together has two internally threaded 
parts, which screw on to the arbor and tool respec- 
tively and by differential action pulls the cutter bore 
into close engagement with the tapered part of the 
arbor. Flats are provided on the coupling piece G 
to allow the use of a spanner for tightening and 
releasing the coupling. When releasing a cutter by 
unscrewing the coupling the differential t i 

releases the engaging cones on arbor and cutter and 
forces the latter apart without the necessity of 
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rotating the cutter. In order to facilitate the release 
of the cutter should difficulty be experienced in 
turning the coupling piece G, this may be split as 
shown in the right-hand view and be provided with 
two screws H transversely across the split, the screws 
tightening the faces of the coupling at the split on 
to a shim J which serves to ensure that the coupling 
retains its original cylindrical shape when tightened 
up. When the screws H are released, the coupling 
springs open and releases the pressure on the two 
screwed sections. Specification No. 765,944 describes 
and claims the milling cutter shown in the drawings. 
—January 16, 1957. 


GAS TURBINES 


766,471. July 22, 1954.—Gas TuRBINE INSTALLA- 
TIONS, The Parsons and Marine Engineering 
Turbine Research and Development Association, 
Pametrada Research Station, Wallsend. ( Jnven- 
tor : Basil Joseph Terrell.) 

_ The invention relates to gas turbine installations 

in which the cycle includes a separate output turbine, 

such installations being particularly suitable for 
marine propulsion or for other automotive applica- 
tions where rapid manceuvring is necessary or 
desirable. The drawing illustrates one convenient 

application of the invention. It will be seen that a 

high-pressure compressor A and a low-pressure 

compressor B, are driven by a high-pressure turbine 

C, the air entering at D and compressed in com- 

pressors B and A, passing by way of a heat exchanger 

E to a combustion chamber F feeding the turbine C. 

The exhaust gases from the turbine C pass by way 

of a reheat combustion chamber G and the pipe H 
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to two pipes J and K in parallel. The branch K 
contains a butterfly valve ZL and the by-pass J includes 
a valve M. The valves L and M are mechanically 
linked to give an automatically controlled variation 
of opening throughout the power range. Thus, for 
all positions of the valve L between shut and fully 
open and, therefore, for all turbine outputs from zero 
to full power, the combined flow through the output 
turbine N and by-pass J remains constant with con- 
stant pressure ratio. The pressure ratio remains 
constant if all components of the engine except the 
output turbine N are unaffected by change in output, 
and this is ensured by by-passing the heat exch: r 
with a fraction of the gas controlled by a fixed ori 

O. The arrangement of valves and orifice controls 
the proportion of the exhaust gas which flows through 
the heat exchanger so that, although the temperature 
of the gases after the output turbine increases as the 
power output is reduced, the rate of heat exchange in 
the heat exchanger remains constant. There is in 
addition a butterfly valve P in the heat exchanger 
by-pass R, valve P being controlled independently of 
valves L and M. The valve P would be shut at full 
power and fully open at all other powers. If desired, 
the valve P may be linked with the valves L and M 
to give a controlled variation of opening throughout 
the power range.—January 23, 1957. 


INTERNAL COMBUSTION ENGINES 


766,152. June 29, 1953.—SUPERCHARGED ENGINES, 
Leyland Motors, Ltd., Suffolk House, Laurence 
Pountney Hill, London, E.C.4.  (dnventor : 
Alfred Mueller.) 

The invention relates to the supercharging of 
internal combustion engines and particularly of 
compression ignition engines, the idea underlying the 
invention being to increase the supercharge at low 
engine speeds by placing a second blower in series 
with that which suffices at high speed, and auto~- 
matically by-passing it when high speeds are reached. 
As shown in the drawing, a centrifugal blower A, 
driven by a turbine working on the exhaust gas 
of the engine B, supplies the engine inlet manifold 
C through a butterfly valve D and an air cooler 
E. The air pipe F forks before the butterfly 
valve is reached and the branch rejoins the pipe 
beyond the valve D and before the air cooler FE. In 
the branch is a blower G—say, of the Roots type— 
driven by the engine shaft H through a clutch J. At 
low engine speeds the clutch is engaged and the 
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butterfly valve D closed. The turbine-driven blower 
A supplies the Roots blower G, which boosts the air 
pressure. At high speeds the clutch J is disengaged 
and the valve D opened ; the Roots blower G comes 
to a standstill and the turbine-driven blower A alone 
supplies the engine. Both operations are controlled 
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by an engine-driven speed governor, valve D and 
clutch J being mechanically connected so that 
engagement of the clutch accompanies closing of the 
valve and disengagement accompanies opening.— 
January 16, 1957. 


VALVES 


766,792. June 8, 1953.—HyYDRAULIC AND LIKE 
VaLves, The General Electric Company, Ltd., 
Magnet House, Kingsway, London, W.C.2. 
(Inventor: Frederick William Coxon.) 

Referring to the drawing, the valve has a body A 
with two connections B and C, one of which, B, is 


_for a supply of fluid under pressure, while the other is 


for connection to a vessel in which the fluid pressure 
is to be controlled. The admission of fluid from the 
supply connection B to an annular space D in com- 
munication with the second connection C is controlled 
by a poppet valve device consisting of a plunger E 
having a frusto-conical surface or valve head portion 
F which is arranged to co-operate with a comple- 
mentary seating G in the body of the valve. The 
plunger is loose and is urged into engagement with 
the seating by the fluid pressure, though this pressure 
may, if desired, be assisted by a spring. The plunger 
E has at one end a head H with the frusto-conical 
surface F above-mentioned and it also has a stem J 
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which is guided for sliding movement in the body 
of the valve. The stem has grooves K along its length 
to provide channels for the flow of fluid when the 
valve is open. These grooves lie between ribs which 
provide guiding surfaces for the plunger and extend 
from an annular recess L constituting a neck between 
the head and the stem of the plunger. At the end of 
the plunger E remote from the supply connection B, 
there is provided a second frusto-conical surface M 
which co-operates with 2 complementary seating at 
the end of an operating spindle N in an axial bore in 
the body A and which spindle is movable endwise by 
the diaphragm O. The operating spindle N extends 
through a hydraulic packing so as to prevent the 
flow of fluid around the spindle N. When the valve 
is closed the operating spindle N is separated from 
the end of the plunger E so that the frusto-conical 
surface F of the plunger is urged into engagement 
with its seating G by the fluid pressure assisted by the 
spring, if any. To open the .valve, the operating 
spindle N is moved into engagement with the plunger 
E so as to separate the head of the plunger from its 
seating to allow fluid to flow along the grooves K 
along the stem of the plunger. Preferably, the 
guiding part R in the body for the plunger E is a 
separate replaceable part and as an alternative to 
providing grooves and intermediate ribs on the stem 
J of the plunger E, channels for the flow of fluid may 
be formed on the part R. An arrangement similar to 
the stop valve above described may be used as a by- 
pass valve if the connection for the supply of fluid is 
duplicated.—January 23, 1957. 
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Catalogues and Brochures 


Stronc Exvsecrric CORPORATION (GREAT BriTAIN), Ltd., 
Whyteleafe, Surrey. a giving details of a range of 
fluorescent lighting fittings. 

PIONEER OILSEALING AND MOULDING Company, Ltd., Cotton- 
tree Works, Colne, Lancs.—Leaflet giving details of “ No-Lip ¥ 
synthetic rubber sealing rings. 

NORTHERN open Company, Ltd., Banbury, Oxfordshire. 
—Folder sho’ ypical finishes obtained with various grades of 
“ Noral Alpaste ”’ ion paint. 

IMPERIAL CHEMICAL INDustRIES, Ltd., P.O. Box 216, Witton, 

manual for use with “ Alkalite 
‘imer, used when j jointing polythene fittings. 
AND Rapigr, Ltd., Ipswich.—Illustrated catalogues 
describing the “* W90,”’ t-cubi jic-yard walking ine and the 
“414,” Todito vend excavator. 





Forthcoming Ragagements 


Secretaries of Institutions, of having 

notices of meetings inserted in this = Long "are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

meeting. In all cases the Time and PLACE at which the meeting is 
to be held should be clearly stated. 


ASSOCIATION OF Beans ELECTRICAL 
ENGINEERS 


Sarieti, ech 





Tues., ae es 19.—LoNDON NATIONAL E.L.M.A. 


LECTURE : 
Service Bureau, Savoy Hill, London, W.C.2, “ Nuclear 


Generation,”’ P. J. Squire, 6.30 p.m. 
Wed., Feb. 20.— :_ E. Midlands Electricity 
Board, “ Recent Developments in 


Smithy Row, Nottingham, 
Wi ires,”’ C. P. Fox, 7.30 p.m 
Thurs., Feb. 21 Kent BRANCH : Coniston Hotel, Sittingbourne, 
lectri ——-SOUTHAMPTON 
Lamp 


“ Bl trical Safety,’’ S. J. Emerson, 
luorescent 
Finding,” W. A. R. Stoyle, 8 p.m. 


p.m. 

Polygon Hotel, Southampt on, “* Fi 
Salstenenne and Fault 

BRITISH INSTITUTE OF MANAGEMENT 

= Feb. 18.—| 


fa Wisi to Canedi Hill Street, London, W 
= —. ah isit to Canadian Industry, ao Arnold: 


BRITISH INSTITUTION OF RADIO ENGINEERS 


Wed., Feb. 20.—S. WALES SECTION : Cardiff Colle of Techno- 
logy and Commerce, Cathays Park, Cardiff, “ jioactivity 
and its Measurement,” E. W. *Pulsh 6.30 p.m. 

Fri., Feb. 22.—ScortisH SECTION : t of Natural 
Philosophy, University of Edinburgh, Edin! Joint Meeting 
with the Royal Statistical Society, “‘ The ield Evaluation 


Trials of Electronic Equipment,” H. Holmes: and ‘ 
Electronic Manipulation of Digits Applied to Statistics,”’ 
J. Kyles, 7 p.m. 


ae AND CONCRETE ASSOCIATION 
Feb. 19.—County Technical College, Cherry Street, 

“Some Notable Concrete Buildings,’’ R. C. Blyth, 
Northgate, Darlington, 
Problems,”’ N. H. Buchi, 7 p.m. 


CHADWICK PUBLIC LECTURES 
Thurs., Feb. 21.—Bossom Girr Lecture: Royal Society of 
Heaii 90, Palace Road, London, S.W.1, “ The 
——- of Modular Co-Ordination in Building with the 
Object of oa ay and it. Costs,”” Mark 
Hartland Thomas, 5. 


DIESEL ENGINEERS AND — Sea eigen nrg 


Thurs., Feb. 21.—Caxton Hall, London, S.W.1, 
* Prenare Charging of Small C1. or te nay lb ncn 
p.m. 


HULL CHEMICAL AND ENGINEERING SOCIETY 

To-day, Feb. 15.—Organic Lecture Theatre, yoo 4 of Hull, 

“ Radioactive Techniques in Industry and Research,” G. B. 
Cook, 7.30 p.m. 


ILLUMINATING ENGINEERING SOCIETY 
Tues. to Fri., Feb. 19 to 22.—MANCHESTER CENTRE: N.W. 
_—— eee oe Board, Town | ate lay Manchester, 2, Exhibition of 


wee Feb. oe dk at Lee tase : N.W. Electricity Board. 


19, Friargate, Preston, “Colour Matching,’’ A. Wilcock’ 
.C 15 p-m—— Tene Sipe Grour : “Road, “Middlesbro and 


Corporation Road. 
a Stop Window pent Store Lighting, *RL.C. Tate, 6.30 p. 
Fri., Feb. 22.—BIRMINGHAM Regent House, St. Philip's 
Piace, Colmore Row, Birmingham, Annual General Meeting, 
p.m. 


Tues., 
Si 


7.15 p.m—T 
“ Foundations 


INCORPORATED PLANT ENGINEERS 


Wed., Feb. 20.—KENT BRANCH : Kings Head Hotel, High Street, 
R ter, “ a Plant—Care and Maintenance,” 


. F. 
Thurs., Feb. 2i _macemen Branco: Golden Lion Hotel, 
burn, “‘ The Application and Maintenance of Centrifugai 
Pumps,”’ G. O. Stevenson, 7.30 p.m. 


INSTITUTE OF poe ENGINEERS 
To-day, Feb. 15.—-MERSEYSIDE AND N.W. SECTION : The College 
of Technology, Liverpool, ~ Lannching of Shine,” Ke S. Hogg, 


7 p.m. 
Tues., Feb. 19.—N. IRELAND PaneL: Central Hall, o- of 
Technology, Legs “ Application of Research to the Design 
= pennies * SF eae 7.30 p.m. 
"-. Feb. ERSEYSIDE N.W. SecTion: Wallasey 
Coiieee — vy A Janie Engineer’s First 44 
“ C. Gibson, N.W. 
SECTION : Mpiversdale 
Hydraulic Propulsion,’’ F. J. Mayor, 5. 
INSTITUTE OF Soe 
Mon., Feb. 18.—SHEFFIELD LOCAL SECTION : Engineering Lecture 
Theatre, The University, St. George's Sa Square, Sheffield, 1, 
« Radiation Damage to to Metals,’’ W. M. Lomer, 7.30 p.m. 


INSTITUTE OF NAVIGATION 
To-day, Feb. 15.—Royal Geographical Society, 1, ys 
re, London, S.W.7, “‘ Navigation and Traffic Control Over 
the "North Atlantic,”’ D. D. O. Fraser, 5.15 p.m. 


INSTITUTE OF PETROLEUM 


Thurs., Feb. 21.—STANLOW BRANCH : Grosvenor Hotel, Chester, 
Joint Meeting with the — of Fuel, “ Nuclear Reactors 
for Power Production,”’ F. M. Greenlees, 7. p.m. 


INSTITUTION OF BRITISH AGRICULTURAL 
ENGINEERS 


Wed., Feb. 20.—E. IDLANDS CENTRE : 
N :  Mechenintion of Farm Buildings e 4 
Henderson, 7 p.m. 
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INSTITUTION OF CHEMICAL ENGINEERS 
Thurs., Feb. 21.—The Royal Institution, Albemarle Street, 
London, W.1, Processing of Ni Reactor Fuels,” 


Nuclear Reactor 

R. Spence and C. M. Nicholls, 5.30 p.m. 

Sat., Feb. 23. —MANCHESTER BRANCH : Reynolds Hall, College of 

Technology, Manchester, Symposium on Modern Develop- 
ments in the Use of Plastics in the Chemical Industry, 2 p.m. 


INSTITUTION ae CIVIL ENGINEERS 
ay ape =e : Great George Street, 
‘estminster, London, S wie “The Usk Scheme for the Wate 
Supp of Swansea,” G. A. R. Sheppard and L. B. Aylen, 


Wed., "Feb. 20.—N.W. ASSOCIATION: Li sol Engineers 
9, The Temple, 24, Dale Street, “ The 
Analysis. of Prestressed Concrete St | Members and the 
Application of Recent Research,’ P. B. Morice. nema ae 
Fri., Feb. 22.—Grand Hotel, Sheffield, “‘ Recent elopments 
which Contribute to the Prevention of River Pollution,’ 
M. Lovett, 6.15 p.m. 


INSTITUTION OF ELECTRICAL ENGINEERS 
Mon., Feb. 18.—MERSEY AND N. WALES CENTRE: Liverpool 
Royal Institution, Colquitt Street, Liverpool, “‘ Power System 
Protection, with particular reference to the BS ore of 
Junction Transistors to Distance Relays,” : Dual- 
Comparator Mho-Type Distance Relay Utilising Transistors,’ 
C, Adamson and L. M. Wedepohl, 6.30 p.m.——INFORMAL 
MEETING : Savoy Place, London, W.C.2, Discussion on “ The 
i i Isotopes on the Utilisation Field,” 
| p-m.——-N.E. . CENTRE : Carlisle 
me Circuit Reclosers,”” 
‘ollard and N. 7 p.m.—N.E. 
GrouP : King’ 3 Newcastle 
Tyne, Informal Lecture, * se i Transistors in 
Radio and Television,” A. J. . 6.15 p.m.——W. Suppiy 
Group: S. Wales Institute of Engineers, P ~ Place, Cardiff, 
“ Preventive en “ Power Stations,”’ P. L. Cutte ; 
“ Distribution,” G. Milne, 6 p.m. 
Tues., Feb. SE * SCOTLAND ee i Carlton Hotel, 
North Bridge, Edinburgh, Informal meeting, “ why to Russia," 
J. S. Pickles and R. J ennie, 7 p.m.—N MEASUREMENT 
AND ConTROL Group : Engineers’ Club, iy, “Albert Square, 
Manchester, “ Ship Stabilisation : Automatic Controls, 
oe ‘and in Practice,”’ J. Bell, 6.15 p.m.——N. Mip- 
Central Electricity Authority. 1, Whitehall 
Road, {ooan ‘A Lg etme Induction Motor for Shuttle 
Propulsion,” E. R. Laithwaite and J. Lawrenson ; and 
“ Brushless V. peed Induction Motors, ** F. C. Williams, 
E. F.‘Laithwaite and L. S. t, 6.30 p.m..—E. MIDLANDS 
: of Arts and Waverley Street, Notting- 
ham, “ Testing of Boilers and Turbo-Alternators in Po 
Stations of .E.A.,” H. S. Horsman, 6.30 p. 
Workington College of Further con 


CENTRE 
ton, “ Automatic Circuit Reclosers,’’ F. Peirson and 


ey 


Electricity Showrooms, Bedford 
“Nuclear Energy and Electricity Generation,”’ G. T. 
p.m. 


INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS 


Wed., Feb. 20.—YorRKsHIRE BRANCH: Royal Victoria Station 
Hotel, Sheffield, “ Heating by Electricity, some Design Data,” 
G. A. Farthing, 7.30 p.m. 


INSTITUTION OF LOCOMOTIVE ENGINEEKS 
Wed., Feb. 20.—Institution of Mechanical Engineers, 1, Birdcage 
Walk, Westminster, London, S.W.1, “ wy J Aspects of 
Locomotive Boiler Feedwater Raat con ” A. J. Parsons and 
J. S. Hancock, 5.30 p.m. 


INSTITUTION OF MECHANICAL ENGINEERS 





ngineering 
Application of Nuch lear Fras ”’ Sir Claude Gibb, 6 
Sat. Pre b. 16.—N.E. GRADUATE SECTION : Visit to the | pon SE 
breed of onto and Co., Ltd., Middlesbrough, 


Midland Hotel, Derby, 
Fg ae i Present 


10 a. 
Mons Feb 18.—DeERBY ae (CENTRE : 
ition and Future Pro 


Institute of 
builders, 39, Elmbank Cuvnint, Guo C2, * Fatigue of 


1, Birdcage Walk, be 


Hotel, Ipswich Salvagin vagi g of a, with particular refe 

to the * Empress of Canada,’ = beck, 7.30 p.m.—— 
IDLANDS , College of Arts and 

Crafts Met Street, N , Joint Meeting with 4 


tre of the Tastitotion of Electrical i 


Walk, Bristol, “ Fuel 


Westminster, 
‘ical Engineer's 


xperiments the 
— Machines, 4 DE F. Galloway, 6. 30 p.m dine —~ 4 
Royal Station Hotel, Hull, = The "Fatigue Testi 
Aiwa Components,” R. B. Heywood, 7.30 


* ‘A Review o! f Hy. drokinetic ms | 
for the —_ Motor Industry,” 
Thurs., Feb. —MIDLAND 

at. ingham, “ ig Station Auxiliary Plant ‘ay 
F. Kennedy, 7 p.m. ——N.W. Club, 

Ribert Square, Manchester. Standard Gas T 

Burn a Variety of Fuels,” G. B R. Feilden, J. D. Thorn and 

MIDLANDS 


M. J. Kemper, .m.——E. TES SEC- 

TIon: Art Gallery (Strand Entrance), fiaay Testing of 

Materials at High Rates of »’ A.S. , 7.15 p.m—— 

S. GRADUATE SECTION mpton Technical College, 
Soe in lages,”’ C. 








Feb. 15, 1957 


7.30 p.m.——YORKSHIRE GRADUATE SECTION: © hemistry 
Theatre, University, Leeds, “ Gasworks gi 
ing,”’ A. Stubbs, 6.30 p.m. Bineer. 
Fri., Feb. 22.—1, Walk, Westminster, London, §,w.1 
General Meeting, in junction with the seeatrial ‘admis? 
stration and Product: Th. Princ plas and 
Applications of Spar! achining,’’ D. W. Rudorff, © 5. 


INSTITUTION OF MINING AND METALL URGY 
Thurs., Feb. 21.—Geological of London, Suri 
House, Piccadilly, London, W.1, Wil the Development of the 
Mine,” K. E. MacKay’ and J. D. Johnson, 5 p 
Southern 


and “ Notes on Muscovite Mining in Ri rodeaia,® 
A. M. Bensusan, 5 p.m. 


INSTITUTION OF POST Qerce ELECTR:<CAL 


ENGINEE 
Wed., Feb. 20.—INFORMAL Marr Conference Room, 
Waterloo Bridge House, London, S.E. 4. Dregne Circuitry 
—Are Diagrams Really Besential,” 3 - Lawrence, G, § 
Gregson and F. L. N. Samuels, 5 


INSTITUTION OF PRODUCTION ENGINEERS 
To-day, Feb. 15.—WaLes REGION : Central Library, Alexan 
wansea, * and Understanding coe 


Road, 
Management and Shop inancat  Reynclde Hii 
Mon., Feb. 18.—' ids Hall, Coll 
oO Technology, Manchester, oF of ti 
ideas Count E'S. den, 7.15 p.m, 
TRENT BRaNcH : Grand Hotel, ley, Stoke 
on Trent, “ British Watch and A, ae 
, 7.30 p.m. 'Y BRANCH : ad Arms, 
a ee “ Case Hardening »°L.G.W, 
Wed., Feb. 20.—Dersy BRANCH tes etal, lrongat 
Derby, “ Powder Metallurgy,” PR. Marshall, 7 pone 
(BRANCH : "White Lion Hotel, Church Suet, 


“The Use of Rubber in 





Gent 7.3 7.30 o_o BRANCH Ce a 8 
Tita Galt Woodlands, The Park. Cheltenham, 
wt oe ie oe co ao . Richards, 7 7.30 
$ —_ of , Park 
"ad AM ber Hasl and Swarf »*also a 

film, “ Marois eo. . Hoefkens, 7 yam 
HAM BRANCH : James Watt Memorial Institute, Great Charles 
Street, - - ava and Use of ee 

"A. G, p.m. 


Thurs., Feb. 21.—GLasGow BRANCH : Institution 
an 


“ Automatic Transfer ion and Use 
as Applied to the Austin opis Coney, F. Griffiths and 
H. W. Holbeche, 7. orthumberiand A pire Society {Craven 
Street fay 4 Avenue, Strand, London, 


N 
se ee < of Molybdenum phide and its 
Production Engineering,” H. P. Frost, 7 p.m. 
INSTITUTION OF THE RUBBER INDUSTRY 
Mon., Feb. 18.—Leicester Section: Bell Hotel, Leicester, 
45 Testing Methods and Equipment, “FB, N, B. Bennett, 7.30 p.m. 
INSTITUTION OF STRUCTURAL ENGINEERS 
Tues., ig oe AND >i aes pang : Mack- 
worth wansea, J t Meeting with t! itution of 
Engineers, '“ 


of Applying Single- 
wire Prestressing,’’ 6.30 p.m. 

Wed., Feb. 20.—LANCASHIRE AND 

tion of Ci ysis of 


with the 

Prestressed Concrete Structural Members and the Application 
| Neneh mn ER, Ep ‘ORKSHIRE 
Cv na Central ity 


BRANCH : Liverpool 
, 24, Dale Street, Liverpool, Joint Meeting 
vil Engineers, “ The Anal 


Offices, Leeds, “ Structural and 
Re Problems in Factory Design, ”*H. C. Husband, 
Fe. 22 BRANCH : Institution of Engineers ~ 
re ders, Glasgow, “ Allt-Na-Lairige Prestressed Concre' ~ 
Dam,” J. A. Banks, 7.15 eg ang ll, eo 
— : James Watt Memorial a. 198) Sart, Sane 
treet, Birmingham, “ Revisions to ,.”” Walter 
a Andrews, 6 p.m. 


JUNIOR INSTITUTION OF ENGINEERS 
15.—INFORMAL MEETING: Pepys House, 14, 
Rochester Row, Westminster, London, S.W.1, “ The Applica- 
Pneumatic Controllers to Automatic Process Control,” 
Wapling, 7 p.m. 
INFORMAL 


G.A 

Fri., heb. 22.—I 
Row, Westminster, 

Finishing Piant,”’ N. J. a Ae 


MANCHESTER GEOLOGICAL AND MINING SOCIETY 
Thurs., Feb. 21. —Wi a Fh saree Mining and Technical 


College, Wigan, “ t of Central Workshops in 
North Western Division,’’ ree Cone, 3.15 p.m. 


NORTH EAST COAST INSTITUTION OF 
ENGINEERS AND SHIPBUILDERS 
Wed., Feb. 20.—STUDENT SECTION JoINT MEETING : me Hall, 
Newcastle A ety Tyne, “‘ Marine Power Transmission,”’ J. D. 
Watson, 6.4: 
Fri., Feb. 22. ss pa ates, patatng Saeteat, Newcastle upon 
Tyne, “Modern Marine St urbine Feed Systems,” 
A. D. Bonny, 6.15 p.m. 


ae ae CONCRETE ASSOCIATION 


Fri., Feb. 22.—M Counties BRANCH: James Watt 
Memorial Institute, Gre Great Charles Street, Birmingham, Joint 


Meeting with the Institution of Structural a, * The 
Revision of the Code of Practice for the Use of Normal Rein- 
forced ¢ in Buyjildings (CP114),’"’ W. C. Andrews, 


pow mg Pepys House, 14, Rochester 
s. ely 1” Soap-making and 


6 p.m. 


ROYAL SOCIETY OF ARTS 
ANTOR LECTURE : John Adam Street, Adelphi, 


London, W.C.2, an The Contribution of Lighting to M 
poe J. M. Waldram, C. Dykes Brown and D. W. Durrant, 
p.m. 


SOCIETY OF CHEMICAL INDUSTRY 
Tues., Feb. 19.—Midlands Institute, or og Street, Birmingham, 


Wed., Feb. 20.—14, Belgrave Square, London, S.W.1, “ Theory 
and Practice in Potential Measurements for Cathodic Protec- 
tion,”’ P. W. AM gee» ont 6.30 p.m. 


Thurs., 21.—Lecture Hall, 14, Belgrave Square, London, 
S.W.1, “The Effect of Calcination _ Temperature on the Pro- 
perties of aw Oxide for use in Magnesium Oxychloride 
Cements,’’ F. C. Harper, 6 p.m. 


SOCIETY OF INDUSTRIAL RADIOLOGY 


Fri., Feb, 22.—Institute of Radiology, 32, Welbeck Street, London, 
b fees “Penetrants in Non-Destructive Testing,’’ R. Bentley, 
p.m. 


WEST OF SCOTLAND IRON AND STEEL yy apt 
To-day, Feb. 15.—39, Elmbank ag Glasgow, “ The 
Balances in 


The Hea' 
hg and Power an Integrated Steel Works, ms 
J. A. C. Cowan and J. Soham, 6.45 p.m. 





